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an tlie elTpct of a su|'eririi posed right-handed twist and as such is dealt 
with later. Jt during tliis stage that the indications of the bark- 
striation will not agree with those of the outermost layers of wood, nor 
the latt(‘r with tin; condition of the bole as a whole. This variation 
with age may also fr(Mjiienily be recognisfid on the two tangentially cut 
surfac(‘s of a sawn scantling. (Fig. 15 A and B.). 

Kk; HT-HAN DKD Tw 1ST. 

Uiyht-handed lanst is, as already mentioned, less frequently met with 
than the opposite case, but is v(*ry probably commoner than is generally 
recognis(‘d, (‘sjx'cially in virgin forests containing a largo proportion of 
ovennatur(‘ tre<‘s (Figs. G and 9). Tin* type is virtually confined to large 
matui(* and overmature trtvs, and is to be (‘Xjx'cted in tlie usually good 
class of locality producing crops of such trees (Smytiiiks*^^ |>. 1 1). The 
twist is almost iiiNariably lound to lx* i‘estric((‘d to th(‘ oul(‘r layers of 
wood, becoming more intense centrifugally (as in Punira), the inner 
core being sti*aighl, or soundim(‘s with a left-handed twist (cf. supra 
and Fig. (i) ; no cas(‘ Iras Ixmui noted of any pronounced swelling of the 
bas(‘ of th<‘ bob'. (^annin(?‘^ and Lamukrt (in /?7/.) record that in their 
e.xperience in K. Almora, the d(‘gree of twist becomes more intense up¬ 
wards in the bole, but this tendency appears to be less pronounced than 
is the cotiV(‘rse for left-handed twi.st : in fact, although this increased 
twist may be a(‘c<‘pt(‘d as the genei*al rule, e.specially well up in the crown 
of tin* tre(‘, ligui’es similar to those* quoted above for left-handed trees 
are most liv<pient. 

In the few cases met with of a right-handed twist in young poles, the 
inclimition of the libn's is very slight and only a|)f)arent over certain 
portions of till* stem. Mtliough earlier observations on 271G two-year 
old s<‘edlings indicat(‘d an almost complett* absence of right-handed 
twist at this stage, souk* l year old plants have been found shewing this 
form of abnormality .‘i I dehnitely. and 02 slightly out of 1387 exa- 
mbied 1 cf. Fig. 28 (13) (22-21)1. These figures correspond to 0 
])rr (-(‘lit. for tin* 2-year olds, and 9-2 ])er cent, or 0 4 per cent, for the 
4-year-olds fr(»m the saim* sowings. Bight-handed twist has not been 
found in young natural coj)pi(‘e shoots W’ith the exception of one lot 
mentioned oji p. 2<*) and illustrated in Fig. 11; here however it was 
quit(* pronoiiiK’ed. 

A eoniieetion may p<*rha[)s be recognised between the absence of right- 
handed twist in th' young tree wuth active height growth, and its ten¬ 
dency to put ill an appearance in old trees in which height growth has 
viitiially ceased (Canning), and to reach its maximum expression in the 
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THE CONSTITUENTS OF SOME INDIAN 
ESSENTIAL OILS. 

PAP.TS XIV XV. 


JOHN LIONEL SIMONSEN. 

PART XIV. 

* 

The Essential oil from the Seeds of Zanthoxylum 

ovalifolium. 

In ])i(*AH()H< ]>arls of tlii.s s<‘ri<As of ll)(‘ consliiiiciifh ol tlir (*s- 

s(*nlial ojl.s s<*j)a rat i*(l from IIm* ol /,<nith(u fflnnt altihun. Z (intHlInh 

poihiuH iuul Z. Hudraufjd \v<‘r(* <li*s(a ilH‘(l {I ml. Koi-. I\<v IX, 

111) and it is now |)ossi})l(‘ to «L\tt*iid (hji’ knowlnd^i* ol llic c.s.srntial 
oils ])r(*s<*iit in this sjxH'it's by an iHt'ounl ol tlmt (*onfaiii(*(l in tin* simmIh 
of ZaHflfojffhuH ordlljohnni. 

Z. ordlildfiHdt wonbi a])|)car to lx* lairlv widely distrilntcd in tin; 
Indian Peninsula but; it is doubtful il it i.^ loimd anvwlicM* jn suflieiont 
tpiantity to wairani 1 in* f oll<‘elion ol tin* s<M*d^ loi se]>aiali(.n of I In* <*s 
sential oil. Jt ornirs in tin* Sikkim Terai, and outor a alleys, as(*»*ndinjj^ 
to ‘5,d<)0 te(‘t. Assam. Khasi Hills. Kaelnn Hills. 11n* • \\ (‘slen, (Niats 
from South Kanara to 1'innev(*lly u]f to I.IMIO f(M*l. It also found 
in tin* Andamans. Tin* seeds used in this iuA'esf i^alion Were obtaiin*d 
from the Siddarpur Jiaufzt* of the Honawar Hivision anti tin* author is 
mueh inde])t<*d to Mr. M. S. Tujz^nise. tln*OHiet*r in ehar^reof tin* Honawar 
Sub-OiAdsion of Kanara, for the^real trouble Avhieh heha.^ tak< n toeolleet 
botanical specimens and for an anting for the su])])ly of the seed in 
quantity. 
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The oil, ulncli wa^ seuaiatnl lioui the ‘^eed« by distillation in steam 
in the usual mannei Nsas a }ello\MKh ]>rown oil possessing a flagrant 
smell The vield oi the oil fmai the A\hoh» seed and husk was appioxi 
mateU (1 \ jMM ciMit 

An exaiuiihiluui of tin oil ha^ shown it to ( onsist essentially of a 
h\dr(K'ai])on boiling at Mil !<>■) Ttrimm and a substance boiling at 1G2- 
|b*i MKMuiu The 1 i\ di(K hi hon whuhonh showed \eiv slight optical 
afti\it\ was lound to (oiisi^t oi ])ia<ti(all\ puie mxrcene which was 
identified h\ leduition to dih\ dn»ni\ i( ene and (onxeision oi the lattci 
b\ tieatment with luomme into thet luiiadensiK tetiabromo derivative 
melting at Th< tiaie tit ojti< ilK .utne h\diocaibon ])iesent in 

the till waN j)Io)mI) 1\ / |»lo llandit in siiuoa liighei boiling intermediate 
fiiu tioii \ n Idtsl a ^inall <jU.intitN of a < i \ stalline nitiosit(‘ melting at 
about lO) Jl w \ not obt iinetl in snflunuit amount to lender 
pin iti( at ion |lON•^lbb 

'I h< sti (Mid mini < tiiist It iH nt <11 he oil was ton ml im anal\ sis to li.ix i 
the toiniula ( j 11 ^, O and wa^ nloiitihed «is s,i|iol o\ oxidation with 
])otasviiim |M 1 m uijiinate to |ii]nion\li< n id imlting .1 Tins 

fiaitioii ot ilh tol -^howni sluhl optual «h 1 1 \it \ Iml the snlislaia e to 

w hit h 1 lii^ \ I (110 ( oiihl ii(»t I , s« jM I M < (j 

\ simll (Ugh boiling Inotion w i>s also obtained whali apjxMied to 
t ot i e > jUiti Ip* n< ih oho! but It w IS not olilanuHl pine and did 

not \ 0 hi a n\ < i \ "t ill no* <bn\ itix*" 

In iddition to tl ub^t na e nnntiomd 4ibo\e p.ilmilu ac ul was 
alsii loina’ t*» Ih jn^(utnltlo <»il is will a-, i Itat <* ol a Inpiid jilu^nol 
xehu h i.i\i t doi p nd <»iloinition x\’th ii m< (]ilo]i(l(‘ TJm‘ a( ids 
pre (lit mill* oil Ml i( inibin* il till w Inc h w eii x ol.itih* in sfr nn lioiu 
an In il \ ^ 1 ^ ol i he il \ c i s dt i on^i^tc d .ipji nc ut !\ ol .i mixtiiic ot Imtx iic 
(oi / >fihin \ n< ) I nd \ d* n i m< (oi /xix .ih ? i inic ) ai ids 

It Is nitc I r>t I* holt 1 10 w ide difb t«la c " in 11 c ( oust it »ients of (he 
oils pt I mmiI in till* •'* * (Is of ill* p c i(*s ij /(I Htl nufh )n of (in i ing in 1 ndia 
w hi( h h l^ IS, t. 1 b( * n i*\ imn d 

I \i j r 1 

("fuef c i/shtuenft 
/ ( h* I! idu lu Until**! 

HijMnOiM / (X plu li unlit IK t/luiiUi 
UK thv I (iiuiain itt 
/-snhiiK no 
inMtiiK safml 

1 \ei liiMi M \i 

As luis alicad\ luH*n miiitioniMl the oil xvas sepaiated b\ distillation 
in stc4im of tlo \'iioh si»ed rtihnnnaiN expeliments indicated that the 

I ] 


/ */r / 

/ I If 
/ r,{ f 
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oil was only present in the husk but it was found more convenioni to distil 
the whole seed. The oil was somewhat viscnd and yt^llowish brown in 
colour; it had the following; constants:—l):j[J 0*9381, 1*1995. 

[a]®^'-0*55°, acid value 5*73, sa])omfication value M*57, sajumiliralion 
value after acetylation 27*11. 

A quantity of the oil was washed successively with dilute sodium 
carbonate solution * and sodium hydroxide solution (10 pfu* c(‘!it.) and 
finally heated on the water bath for a short time with a dilute nlcoliolie 
solution of potassium hydroxide to hydrolyse any (‘sUm’s ])r(‘sent. 
The three alkaline solutions were reserv(‘d for la1(‘r examination. 

The oil recovered from the hydrolysis was dishlh*d under diminished 
pressure (IGOmm.) when tlie following fractions w(T(‘ obtained 


Table 11. 


No 



B. \\ 
(lUOmin.) 

.10’ 

.30*^ 

N 

I) 

:io’ 

[a] 

I) 

Yield per 
cent. 

(calculated 
Mil (he oiigi* 
iiul oil). 

I . 

. 

, 

1 OS. 120 

1 0*8007 

! ,.,7 ; 

—0*55 

30 

II 

. 


120-140 

0 s:joo 

, M7(i2 ' 

—0 94‘’ 

8*3 

Ill . 

. 


U0-Hi0' 

0*9248 

1 

1*490 * 

- i :i5 

2*1 

IV . 

. 


i 

100-185 

l*0(*8:l 

1 5277 

1 1 

--1 08 

40 1 

V . 


• 

185-210 

1 0532 

' 1 527S ' 

-2 4.) 

4*0 


Myrcene. 

The first three fractions w<‘re systemaHcally redistilled under dimin¬ 
ished pressure (100mm.) when practically the whole was found to pass 
over at 101-105 /iOOmm. and after distillation over sodium the following 
constants were observed:- Jlj!! 0*7850, 1*106, 0*t2\ The 

oil, which possessed a fragrant smell, boih*d at J61-J65‘y705mm. and 
from its physical constants appeared to consist of an alicyclic hydro¬ 
carbon, the slight optical activity being evidently due to a trace of an 
impurity. 

The hydrocarbon was identified .as myrcene by its reduction to 
dihydromyrcene. In one experiment the terpenc* (JO grammc^s) was 


* Jiuring thi* cashing with Hodiurn raiboiiatc Bolntion a Hj»anngl\ HoJubU* 
salt separated which w'as tillered oil and added to the aqueous extract. 
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PART XV. 

The Elssential oil from the Seeds of Juniperus communis. 

Jnrnjierus (utnmffntfi is a small evergreen shrul) which is found very 
widely distril)!!!**!!. Accoidiiig to Troup (Silviculture of Indian Trees, 
Vol. Ill, IHWi) it <K*curs *’ throughout the northern and central part of 
Europe, at the higher elevations of the Mediterranean region, and east¬ 
ward through Siberia, f*ersia, Afghanistan, Kurrain valley at 11,000-— 
13,000 ftM*t, and the western Himalaya at 5,5(/0—14,000 feet extending 
eastward to (iarhwal and Kumaon, where it occurs only at the higher 
elevations." 

Oil of ,T\iniper is obtained by the distillation in steam of the berries 
but much of tin* oil of commerce according to Parry. (The Chemistry 
of Esscmtial Oils, Vol, J, 33) is ])robably not nonnal in composition being 
obtaine<l us a by-product in the manufacture of gin and similar 
spirits. 

It aj)j»eared of interest to examine the oil obtained from the berries 
grown in India and through the kindness of the Divisional Forest Officer, 
l/pper Bashahr Division, Nichar, a quantity of the berries Were obtained 
and the oil se])arated by distillation in st<*am. Unfortunately the yield 
of od was extremely ])oor, approximately 0*2 per cent, but sufficient was 
obtaiue<l to show that it differed somewhat in its composition from the 
normal Juniper od. Oil of Juni])er, which is as a rule laevorotatory, has 
been .shown to contain a-pineue, camphene, teiqunenol, /-cadinene and 
high boding oxygenated bodi(*s. 

'riie oil examined by the author W'as found to consist of about 50 
per cent, of d .siibinene, Terjiineol, a small amount of f-cadinene and a 
considerable quantity of high boiling oils which analysis showed to be a 
mixture of o.wg<*nat<*d bodies ]>robabIy sesquiterpene alcohols, a- 
Pincue, which is stated to be present to the extent of 25-35 per cent, in 
the normal oil, could no: be detirted, whilst /-cadinene was only present 
in traces and was identified by its colour re.iictions >\ath sulphuric acid 
and by the prc]>aration of the dihvdrcK'hloride and dihydrobromide. 

The oil. tlierefore, resembles in its composition oil of savin W'hich 
is distilled from th(» twigs of Jmnjterus sabitia, since the principal cons¬ 
tituents of 1 his <»d liin c been shown to be </>sabinene, sabinol and cadinene. 

Owing to the inaoce.ssiible regions in which J. communis occurs in 
India it is hardly likely that it could be used as a commercial source of 
oil of Juniper. 
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Experimental. 

The oil, which was somewhat deeply coloured, had the following 
constants:—0*8788, 1*478, acid value 5*9, saponification 

value 21*2, saponification value after acetylation 49*1. It was too deeply 
coloured for an accurate determination of its rotation. It will be observed 
that the physical constants agree fairly well for those which have been 
found for normal oil of Juniper obtained from berries grown in Europe 
since Parry (loc. cit., 34) gives the following values D 0*865 to 0*890, 
Nj) 1*476 to 1*4880, —3® to —^20®, acid value 1 to 4, saponification 
value 2 to 8, saponification value after acetylation 15 to 25. 

Prior to distillation the oil was washed with sodium carbonate solut¬ 
ion to remove the free acids and boiled with an alcoholic solution of 
potassium hydroxide to hydrolyse the esters present, the alkaline solut¬ 
ions being reserved for later investigation. On distillation of the neutral 
oil under diminished pressure ^lOOmm.) the following fractions were 
separated a somewhat large residue remaining in the distilling 
flask. 

Table I. 


No. 

B. P. 
(100mm.) 

^ D 

1 ^30° 

„30» 

" D 

r r30* 

Wd 

Yield per 
cent. 

(oaloulatod 
on the ori¬ 
ginal oil). 

1 . . . 

98-120® 

0-8388 


+70-86° 

64*2 

II , . . 

120-160° 

0-8715 

1-4763 

_ * 

7-3 

Ill . 

170-190° 

0-9222 

1-4966 

_♦ 

6-2 

IV . . . 

above 190° 

0-949 

1-6033 

— 7- 3° 

20-8 

The first two fractions were redistilled when three main fractions were 
obtained. 

Table II. 

No. 

B. P. 
(100mm.) 

"so- 

" D 

r i30* 

Wd 

Yield per 
cent. 

1 

1 . . . 

99-106° 

0-8386 , 

1-464 

+78-1° 

42-7 

2 . . . 

106-112'’ 

0-8406 

1-4675 

+69-6° 

8-3 

3 . • . 

112-140° 

•• 

•* 

•• 

6-3 


(*Tii0ie Iractions were not available in inffioient amount for the determination of the 
rotation.) 
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Fraction 1, d-Sabinene. 

This fraction, which formed the main bulk of the oil, boiled at 162- 
1657702mm. and was identified as d-sabinene by oxidation with potas¬ 
sium permanganate in the usual manner to d-sabinenic acid which melted 
at and was obtained in an excellent yield. 

0*1181 gave 0*2812 CO 2 and 0*0904 HgO C^64*9 H=^8*5 
CjoHieOg requires C==65*2 H=8*7 per cent. 

An examination ol the oxidation acids yielding readily soluble 
sodium salts failed to reveal the presence of pinonic acid and hence 
a-pinene was jirobably absent. 

Fraction 2. 

The only hydrocarbon which could be detected in this fraction was 
d-sabinene. 

Fraction 

The yield of this fraction was extremely small. It possessed a marked 
odour of hyacinth and was found to contain a considerable quantity 
of terpmeol since it yielded on tr(5atiuent with amyl nitrite terpineol 
nitrosochloiide jiielting at 107-108®. 

Fraction IV (Table 1) Z-Cadinene. 

This f I action consisted of a somewhat viscid yellow oil, which, when 
dissolvtHl in acetic anhydride and tretited with a drop of sulphuric acid 
gave the Ixiautiful senes of colour changes which are characteristic of 
cadinene. Tlie presence* Z-cadmene was established by the preparation 
of the dihydr(K’hloride which after crystallisation from alcohol melted 
at 117-118^ and in chloroform solution the rotation was found to be 
—21*04®. 

The dih} drobroiuide melting at 124—125® was also prepared and 
analysed. 

0*1 OOG gave 0*1002 AgBr Br=-43*3. 

Cj-jirgollrg requires Br=43'7 per cent. 

Fraction V. 

This fraction, which after the removal of the d-sabinene was the largest 
fraction, was a very viscid yellow oil. It was redistilled at 20 mm. 
pressure when it was not found ])08sible to separate any substance of 
constant boilmg point, the oil distilling irregularly between 150—220®. 
Four separate fractions were collected and analysed ; (a) 150—170® 

83 9,11-11*3), (b) 170-180® (C^81*4, H-11-3), (c) 180-200® (C«=79-l, 

[ 8 J 
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H==10-4) (d) 200-220° (C-=82-8, H=1M). These analytical figures 
indicated clearly that the oil was a mixture of alcohols but owing to the 
limited quantity of material available further purification was im])ract- 
icable. 


Free acids. 

The sodium carbonate extract of the original oil (see above) was 
extracted with ether to remove traces of neutral oil and acidified when 
a viscid oil separated. This was taken up wifch ether ; the ether drii^d 
and evaporated when a crystalline solid remained. After draining 
on porous porcelain to remove a little adhering oil, the acid was crystr 
allised from methyl alcohol from which it separrated in leaflets melting 
somewhat indefinitely from 59-61°. A titration with standard alkali 
gave a molecular weight of 246 indicating that the acid was a mixture of 
palmitic acid (M~232) and stearic acid (M=284). 

Combined Acids. 

From the alkaline solution resulting from the hydrolysis of the esters 
present in the oil, a mixture of acids was separated by distillation in 
steam. The distillate was collected in two fractions and the silver salts 
were prepared and analysed. 


Fraction ]. 

0'1673 gave 0*098 Ag Ag~ "i8*6. 
CaHsOgAg requires Ag -=59*5 per cent. 


Fraction 11. 

0*1761 gave 0*0937 Ag Ag'-=53*2. 

C 4 H 702 Ag requires Ag- 55*4 per cent. 

CgHgOgAg requires Ag 51-7 per cent. 

From these results it may be deduced that the combined acids present 
in the oil consisted of a mixture of propionic, butyric (or wobutyric), and 
valerianic (or i^ovalerianic) acids. 

The author is much indebted to his assistants Messrs. (lopal Rau and 
Qhose tor their assistance in the analytical work required in this and in 
the preceding paper. 


Forest Besearch Institute, 


I 


t 9 ] 


Dehba Dun 


March 1924. 



PRIKTED BY 

MAR AUER, GOVERNMENT OF INDIA PRESS 
CALCUTTA 





rmtnaluz ttnnt 
i ht lie i liuhtn 







INDIAN FOREST RECORDS 


Vol. XI. 


1924 


Part II 


CONTRIBUTIONS TOWARDS A KNOWLEDGE OF 
TWISTED FIBRE IN TREES. 


I. THE PHENOMENON OF TWISTED HERE WITH SPECIAL 
REFERENCE TO PINUS LONGIFOLIA ROXB. 


1. Description of the phenomenon. 

(a) General. 

The occurrence of scattered examples of tnM*s in which !lie wood) 
tissue elements follow a more or less even spiral course up me stem 
instead of the normal vertical arrangement, has been noted and men¬ 
tioned by writers on botanical and forestry subjects from quite (*arlv 
times, and the phenomenon is shortly touched upon by the autliors oi 
compilers of most of the standard text books.* (DeBaky,^ 1877, 
p. 471 : Hartig,2 1888 : K. Ga\er,® 1888 : ScuLicn,’ J8!iG : Nihhet,* 
1905, etc.) 

The basis of these accounts is almost (‘utirely the work of A. Braun® 
whose attention was apparently directed to the subject liy an article by 
L. Von Buck in DeCandolle’s Organographir'' in 18:^7. Von Buch 
had noticed among other points that the direction of the spiral is 
usually constant in a given species, and is in o])posite directions in 
Castavea and Mscuhis. Writers in the following dec des looked upon 
the phenomenon as a disease due to inadequate rout development 
and thought the spiral always followed the sun, i.e.. was. left-fande^l 
for the Northern hemisphere. Von TRurHSESS,i 2 ^ forest officer, re¬ 
corded in 1840 a report made to him from Arzberg and Wald.sas8en, 

• Twuted or spiral fibre is known in German a« Drehwurhs, nr m older wiHinjiKas 

PmhBucht . 

[ u ] 
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that there were to be seen in these places whole crops of twisted pines, 
both on Joam and granite, and on all aspects, whilst in other crops, straight 
and Tw^isted trees were mixed together; the direction of the twist was 
always»eit, and seed from such trees also grew up twisted. Wichura^* in 
1852 could only record the defect in three kinds of trees— Castanea 
Vesca, Pophlus pyramidalisy and Pinus sylvestris, Braun collected 
data from the gardens and ])arkH of Berlin, Paris and Karlsruhe, and was 
in correspordence on the subject with Engelman in N. America, and 
with a brotluT in Spain. He would appear to have studied the pheno¬ 
menon Djstly in email twigs ^\hich could be examined with a pen-knife, 
Hupjilemeiited by tlie external apjiearance of such large trees as were 
to be seen in the t()Wns, and by countings among barked hop-poles. 
He r(‘cor(led the actual angle of the spiral, the size or age of the specimen, 
and oft<‘n tin* angle at different ages. Altogether he examined 167 
species, finding a])pr( ciable twist in no less than 111 of them. He found 
som<‘ support foi tlu view that twist is more frequent in isolated trees 
than in crops, and satisfied himself that, especially in Finns, the shorter 
th(‘ internode the moie intense the twist. He shewed that the angle 
may inrr(*ase with age as in Punica, or decrease and finally change over 
in PinUs and Ptcva. Among thousands of Aesculus, he never found 
a left-handed twist, whilst on the contrary, Popnius pyramidalis, when 
tw'iHt(‘d was (‘({uall\ constantly left-handed. Pyrus communis was 
almost always right-handed and l^alix alba left-handed wdth rare ex¬ 
ceptions, whilst (\irpinus though most often R,t is almost as often L, 
As for twining jdants, so also for twisted fibre in trees, L spirals are most 
fre<ju(*nt, eg., of the indigenous species examined, 34 are R to 15 L. 
In a given genus or order constancy is the rule, thus all the Abietineae 
and Salicacvaf are, at least at first, L, whilst Cupressineac and Legu- 
minosac are R. In some cases there seems to be a difference of direc¬ 
tion in different localities, but verification is needed : an example quoted 
IS that of Linodemlnm in America (L), and in Europe (R). One of the 
most important of Braun's contributions was the firm establishment of 
the fact that a i hange in the direction of the spiral with age is quite usual : 
Pinus, Picea, Abies, Tilia and Amelanvhier were all found to be L in 
youth changing to R later in life—no satisfactory case of the opposite 
possibility being found. AVichura^^ had already found that about 1 
per cent, of some pine jjoles 1 —y in diameter w'ere L twisted with none 


f Tliroimhout this papei, the atcppted meehanical poiiccjition of right and left-handed 
sp.rals iH luloplod as ni iiso foraoicwh. Nome of the older wnterR including Braun 

U1C them m th«> opjKwifo kpiihc nj Mas oustomaiy in Military manoeuvres. A right- 
hauded tu i«l m ili here be designutcd M'lth *' R " and a left-handed one with “ h ** and 
in an K tivt', the spiral will HpiH>ar to cioas towards the right in ascending. 
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E, whereas in larger trees the forms were about equally common. 
Bbaok,® in the Rhine hopfields, on 2'"— T diameter poles (20-:U) years 
old), found only 5 out of some 150 were truly straight, 1 had a slight K 
twist and the rest were all L, usually at an angle of 4®- tf, rarely up to 
10®. He also says he could detect the twist even in one year old shoots. 
Cook®* (Figs. 180, 181) gives good photographs of R and L mature Cas^ 
tanea Vesca, and of an R twisted beech at Kew*. 

Twisted fibre is most frequently met with in AesvuJus, (^astanea, 
QuercuSy Acer platanoideSy Tilia grandiflora. Carpinus, and l^ipulus 
pyramidalis, among N. European deciduous trees, and in Pvnfs sgl- 
veslris among conifers. It is frequent in JuglunSy Bciala alba and Pifrus 
comniunisy whilst no records have been found of its occurrence in Ftajci- 
nus excelsior andPinus Ccwbra. As regards intensity in the individual, 
Braun found Punica Gramlum with angles up to 45'' to head tlie list, 
followed by Sgringa vulgaris^ up to 30®. Gayer notes that in Pi nus 
sylvestrisy the spiral may twist completely round the bol(» of a tree in a 
height of 5'—7', i.e., at an angle of about 55®, but these angles arc far 
exceeded by Pifius longifolia in which complete lioriisontality or 90® 
is not rarely reached. Numerical data for frequency arc given 
below (p. 13). 

In America, Engelman® found twist commonly in Juniperus vir- 
giniana (R), Pinus Strobus (53 cases of L to 1 of R), P. ponderosa (55 R 
to 2 L, possibly among big old trees), Liriodendron (L), and Kobinia (Rb 
On the Pacific side, Picea sitchensisy Pseudotsuga Douglasiiy Thuja occi- 
dentalis and Pinus rnonticola are all rejiorteil to be afF(‘ct(‘d, the first 
mentioned freely (up to 25 per cent, of the crop in (^anada), and the 
last rarely. Recently McCarthy^* has made a sjiecial study of the 
phenomenon in Piem ru6m, his “ Adirondack spruce," in which species it 
is of very common occurrence in the Adirondack Mts.; he finds that 
just as in Pinm sylvestris, young ^reci^ are mainly L, and the older trees 
R, the change being associated with a change in the rate of growth. 
Another note from Canada is to the effect that—“ Almost all trees 
(of Picea sitchensis) standing out of the ])erpcndicular shew twisted 
grain.” 

In India, twisted fibre can similarly be met with in a great variety 
of species, though some such as Bombax malabaricum never seem to 
develop it. Troup^’ mentions Hardwickia binata, Populus euphraticuy 
Boswellia serraiay Casuarina equiseiifolia as particularly liable to twist, 
and Terminalia iomeniosa 1), Eugenia Jambolana (R) erndGaruga 
pinnata (R) might well be added as equally so. Of the associates of 
Pinus hngifoliay Pieris ovalifolia very frequently, and Rhododendron 
^rboreufn and Acer Mongum not rarely, are found wdth the defect, which 
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also occurs occasionally in most of the other species. Among the coni¬ 
fers, scattered examples may be seen in blue pine, deodar and silver 
fir, but records for the direction of the spiral are not available except 
in the case of th(* blue june, Pinus ercelsa, for which Osmaston^® records 
both R and L, expressing a doubt as to whether R is any more common 
in old trees than in young ones. 

The ('omplex case in which the fibres of successive circumferential 
layers of wood shew frequent and pronounced changes of direction, 
as exemplified by Shorm robusta, is frequently observed, but is a diff¬ 
erent j)heiiorn(*iion altogether, more nearly comparable with the more 
generally quoted case of Guaiacum where obliquity is said to be found 
freely in radial ])lan(*H as well as tangential, with undulations often 
reaching 45 each way. 

FinalIv, it inav be noted that according to Goppert’ twisted fibre 
has been detected m tlie wood of fossil conifers. 

Attention IS direct(*d to the affected trees by the oblique direction 
of tin* fissuies in tile bark (Quercus, Castanea, Terminalia tomentosa, 
Fig 1, Populus .Jtonprrus, etc.), or of the slight ridges and depressions 
on the suibue of the bole, especially in smooth-barked species {Car- 
p/ni/s, F(tqH^), oi again where the bark is freely scaled, by striations on 
the bark [Pinus lonqifoha^ Fig. 3, and other pines). In most conifers, 
and nianv f)io«id b‘a\ed trees (Alnus), the defect only becomes appa- 
lent \\li(‘n tin* baik is removisl. Lightning, which has itself been adduced 
<is (ausing twist (c q.y by (\)hn), often reveals the occurrence of twisted 
fibre as its splinttning and sjditting effect usually follows the direction 
of t lit* fibres (f/. Fig, ]), 

The available inforniation reviewed abo^re may be summarised as 

follows 

(1) NjmallV twisted fibre is of frequent occurrence, varying be¬ 
tween \ery wide limits in its incidence in different species 
but liable to occur in practically all. 

(‘J) The I IK 1 1 nation of the fibre vanes considerably in different spe- 
ue , with a wide range within the species, but some exhibit 
a much gieater degree than others. 

(5) The direction of the spiral is very usually constant in a given 
^p(‘( les at a given age, but the degree of constancy varies 
witli tlie species. Allied species and genera usually behave 
Miiulariv 

(1) Right handed twist strongly predominates as the final con¬ 
dition. 
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(6) It is common, especially among conifers, for the tree <o be 
left-handed in early life changing to right-handed laU r on ; 
the converse case has never been record(*d. 

(6) Right-handed twist may increase in severity in the individual 

with age (Punica). 

(7) In Europe and Asia at least, Pinu,s develops twist much more 

frequently and intensely than Picea and Abies. 

(8) In PinuSy twist tends to be more intense when left-handed than 

when right-handed. 


Twist in shells. 

It is permissible to refer here to the comparable phenomena in animalH parli- 
cularly as they have long been the subject of special study in tlie Mollusca. (1 oc>k^” 
has collected the available data for shells (and indeed all other animate and in¬ 
animate objects), and a few selected examples may be quoted. In the common 
whelk (loc. cit. p. 48 and figs. 182,183), only one case of a left-handcdshcll occurs 
in a hundred, though the fossil shells which juay be found in tlic saine locality, as 
at Felixstowe, are at least as constantly left-handed In another case {LaniaUu, 
p. 156), the shells are all L in one locality and K in another, Avhilst in Tornatvia 
(loc. cit. p. 158) the spiral changes from Lin the emliryonie fonn to K in the adult - 
a case especially interesting in comjiarison with twist in trees. Anoth<‘r jH‘culiarity 
(p. 159) is the numerous cases in which the shell is sinistral but the animal dextral, 
the converse case being also know'n. 

(b) Pints bONtaroLiA. 

Troup’® has collected the infonnation available on the occurrence 
of twisted fibre in Finns longifolia. (^\nnin(J and Smythiks hav(‘ made 
the most important contributions. Enijihasis is corrc'ctly laid on the 
fundamental difference between right and left handed twist but I he earlier 
literature on the subject ha.s not apparently been consulted. Tiu' exist¬ 
ence of twisted fibre can commonly be recognised on standing tre(*H 
which have reached the age for the production of scaly bark bv the stria- 
tions on the bark flakes (Figs. 3 and 4). These striations coincidi^ with 
the long axis of the cells and they may also be acc(*pted as shewing the 
direction of the axis of the cambial cells af (he time (he (tiger of hark visible 
was laid down by the cambium - the latter being an important ]>roviso 
as will be seen later. The dead snags of branch(^s so common in the 
crowns of large trees also give useful indications as to the course of the 
woody tissues, as it is usually easily visible in them. Lightning-struck 
trees and fallen logs from which the bark has been removed by 
decay or otherwise, reveal at a glance the direction of the fibres, and 
any changes of dbrection there may be at different heights of the bole 
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can bo noted and measured (Figs. 4 and 8). Old logs in an advanced 
stage of decay, or bctter^ill, logs partially burnt through, reveal what 
changes of direction of ^re have taken place during successive periods 
of the tree's life (Figs. 5—7). 

Lefi’-handed Twist. 

Li'Jt-handrd twist ih found to be by far the most frequent type ; it 
occurs in tre<‘s of all ages from small seedlings to big overmature stems; 
it commonly (xci^eds the other form in intensity and may even reach 
horizontalily in the basal part of a tree (c/. Figs. 7 and 13). In some 
extreim* cases. th(‘ whole outer surface of the bole assumes a corrugated 
appearance with raised spiral ridges (Fig. 2). A detailed description 
of its occurrence and ap])carance in the seedling will be given in 
Part 11, and it will sulHce here to mention that the twist is usually 
most jironounced in the hypocotyledonary region [Figs. 28 (1) and (3)] 
extending some 2" down from the insertion of the cotyledons : this 
region is ordinarily above ground and is often enveloped in a thick green 
and spongy cor1(‘x. The S])iral generally straightens out rapidly in the 
roots I Fig. 28 (3)J but is usually continued for a varying distance up¬ 
wards into the stem, though practically never right to the tip [Fig. 28 
(10)]. Till' sfiongy cortical development mentioned, giving the appear^ 
anc(» of a carrot, is also continued a few inches upwards from the coty¬ 
ledons. The course of the fibres betvreen the insertion of the cotyle* 
dons and the whorl of buds to-j^,/ above thenij is liable to be irregular, 
but an Hbru|)t change of angle at either of these points is frequently 
found a decriaise in the stem as compared with the hypocotyl being 
the genm-al rule [Fig. 28 (2)], though the converse also occurs [Fig. 28 
(17)]. The twist may be so intense that 3 complete spirals are com- 
])le1ed in a length of •\'' [Fig. 28 (18)] above the cotyledons, or a spiral 
in less than an inch below them [Fig. 28 (3)]. 

lntt‘n‘^e twist in larger trees is commonly associated with a swollen 
bulbous base (Fig. 3). 

L-tw'ist is further to be found in trees of all qualities including the best, 
but is more particularly frequent and intense in inferior or stunted 
growth. AVith minor exceptions, the intensity of the twist is greatest 
at the base of the stem, especially where this shews the bulbous swelling 
mentioned (Fig, 4), and diminishes upwards, sometimes rather 
abruptly just above the swelling, but more often gradually. 
Seedlings also exemplify this latter feature very well [Fig. 28 (5)]. 
Data selected at random for four trees will serve to illustrate the 
variation which may occur in the individual, and the fact that the 
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foregoing remarks are generalisations to which exceptions are readily 
found. None of these four trees had a swollen base. 


Age. ' 
Ymxb. 

Girth at Breast 
Height. 

Height. 

Auglc of fibres to the vortical, in ilcgrtnv*, ut a height of — 


ft. 

inn. 

ft. 

o' 

! ir/ 

2.V 

35' 1 45' 1 65' tt5' [ 75' | 85' 

IK»' 

Avrnim. 

215 

8 

7 

140 

18 

1 

17 

22 j 15 j 20 22 1 20 ' 15 


17 « 

227 

7 6 

— 

10 

6 

U 

12 1 8 1 10 ' 8 j 7 1 5 

7 

8-2 

227 1 

1 ^ 

11 

112 j 

10 1 

! 

a 

—3 * 0 ' 3 j 2 ' tl 0 

j 1 j j 

7 

3 0 

220 

0 

3 

122 

0 ' 

1 

5 

J 

0 ' 1 0 1 10 1 2 7 

1 11,1 

' 18 j 

1 :i 


For PiHU.H ejtce/sa, Osmaston^* (p. 13;notOH that the mteiiHity t»f sreniH not 

to IticreaBe downwards but to reach its maximum about the micidle of tiie b<»le. 


The variation in the degree of development of twist during a tree’s 
lifetime is at once less easily observed and more complex. The seedling 
period is being separately dealt with, but the data collected indicate 
clearly enough that twisted fibre is altogether exccj)tional in j)hiiitK 
only one season old, but may appear suddenly with considerable^ in¬ 
tensity in the wood formed in the second season ; there are also indica¬ 
tions that there may be an increase in intensity in following years. 
Data for young poles are scanty, but the indications are tlmt with 
plants growing under adverse conditions (esjiecially wlien subjected 
to hacking and lojiping), there is a tendency for the angl(‘ of the fibn* *o 
diverge further and further from the Vfutical, whilst on the other 
hand, under favourable conditions^ the revel •' possibly also oceurs. 
In older trees there appear to be at least tw^o ])ossibilities. \Vh(*re a 
swollen base is developed (and perhaps in oth(*r trees growing with 
swollen based ones), the twist commonly becomes more and more in¬ 
tense till the limiting condition of horizon tali ty of the fibres is reached 
(cf. Fig. 6). Elsewhere, perhaps most pronouncedly in good localities 
where the trees reach large dimensions, as the tree passes from 
maturity to overmaturity, a definite diminution of the angle the fiffies 
make to the vertical sets in, and may progress until verticality is once 
more reached, or even overstepped, when a right-hanaed sjiiral 
becomes apparent. (Fig, 7 illustrates a ratlu^r unusual such case where 
a tw'ist of 78° L has diminished with time to 50° J^.) This change 
agrees with what has been found for otlier species by Hraun and 
others, with the difierence that it only sets iii for Pinus 
longifolia late in life, say not before 150 years of age, wheic- 
as the change occurs in P. sylvestris and P. monlana at a diameter of 
about 6'", in Picea excelsa already at about 10 years of age, and in P. 
rubra at.a diameter of 6'". The change is evidently most simply regaided 
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aH the effect of a suf'eriniposed right-handed twist and as such is dealt 
with later. It during this stage that the indications of the bark- 
striation will not agree witli those of the outermost layers of wood, nor 
the Jatt(*r wifii the condition of the bole as a whole. This variation 
with age may /ilso frequently be recognised on the two tangentially cut 
surfac(*s of a .vawui scantling. (Fig. 15 A and B.). 

Kioht-handkd Twist. 

liujht-handed twist is, as already mentioned, less frequently met with 
than the opiiosite case, hut is very probably commoner than is generally 
recognised, es|)(‘cially in virgin forests containing a large proportion of 
oveniiatnre trees {Figs. 0 and 9). The typo is virtually confined to large 
mature and ov(*rmatiire trms, and is to be expected in the usually good 
class of locality prculiicing crops of such trees (Smythiks^^ p. 11). The 
twist \> almost invariably found to be restricted to the outer layers of 
wood, becoming more intense ceutrifugally (as in Punica), the inner 
core ladrig stiaiglil, or sometimes with a left-handed twist (of. supra 
and Fig, b) ; no case has been noted of any pronounced swelling of the 
ba.se of the bole. and Lambert {in lift.) record that in their 

(‘.xfrerieiicc in F. Almora, the degree of twist becomes more intense up¬ 
wards in the bob', but this tendency aojrears to be less pronounced than 
is the con verst* for leftdiandcd twist; in fact, although this increased 
twist may he acce\)ted as tire general rule, especially well up in the crown 
of tin* tree, liguri's similar to those quoted above for left-handed trees 
are most Irecjuent. 

In the few enses met with of a rightdiaiided twist in young polos, the 
inclination of the fibres is very slight and only apparent over certain 
portions of th(‘ stem. Although earlier observations on 2746 two-year 
o\(\ seedbugs indicated an almost eouqdete absence of right-handed 
twist at this stage*, some by(*ar old plants have been found shewing this 
foiin of abnormality 34 definitely, and G2 slightly out of 1387 exa- 
m iird 1 cf. Fig. 28 (13) (22-24)]. These figures correspond to 0 
])ei cent, for the 2-year-olds, and 0*2 per cent, or 0*4 per cent, for the 
4-v<*ar-olds from the same sowings. Kight-handed twist has not been 
fe>uml in young natural coppice shoots with the exception of one lot 
mentioned on p. 2b and illustrated in Fig. 11; here however it was 
(juite pnuionuccd. 

A connection may perhaps be recognised between the absence of right- 
luinded twist m the young tree with active height growth, and its ten¬ 
dency to put in an app(»arancc in old trees in which height growth has 
viituaily ceased (Canning), and to reach its maximum expression in the 
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upper parts of the boles of the same. Osmaston was unable \>o rec* 
ognise any definite increase upwards for E-twist in the case of P. 
excdsa. 


(c) Microscopical Examination. 

Some account is required of such further light as can bo thrown on 
the phenomenon by a more detailed examination of the normal and 
twisted tissues. Om pioneer worker, Braun, strongly empha¬ 
sised the fundamental difference b(*tvveen the phenomenon now under 
discussion, and all other cases of so-called ‘‘ torsion’’ found in t\Nining 
plants and of tissues acti\ely growing in length, of which also he liad 
made a special study. He pointful out that in me tree, the axis «s a 
whole is not t\visted, but only certain layers of it and also shewed that a 
twist in the underlying fibre does not affect the spiral arrangement of 
the leaves on the shoot. In testing his hypothesis that twdst is caused 
by the longitudinal growth of tin* tissue elements on an axis of fixed 
length, Braun, despite difficulties of leclinique, satisfied himself 
that the cambial cells in Msculus increase at least 1)0 per cent, in 
length during differentiation, the ends becoming tapering and pushing 
th(‘ir way ujiwards and downwards among their neighbours. He drew 
diagrams illustrating this [which reappear in Stevens’** and 
Strasburger’s^* coinpilationsj, and shewong that if the cells 
always push to the same side of the neighbouring cell next above, 
the nett effect is uuifoim incliiiaf ion of the long axis of the fibres ri'sult* 
ing oil differentiation (Fig, 18). The conifer is ll oretically obviously 
the simplest case, and it can easily be seen (Fig. 10) that the ends of the 
tracheids are wedge shap<Hl, being pointed as viewed in tangential 
section but broad in radial section ; but uniformity in tlie relative 
position of the tapering ends cannot be traced, perhaps owing again 
to technical difficulties, the chief of which are the great length of the 
tracheids and their initials and the greater extent of the sliding 
growth. 

In the case of Punica, Braun found that where the ends of the fibres 
were very oblique, their orientation agreed with that of the fibres as a 
whole, but not where the oblicjuity was less ironounced. It i?i not easy 
to determine the extent of the elongation during maturation : he tliought 
a 33 per cent, increase probable for P. sylvestrisj but as the tracheids 
may be even 4 mm. long, it would appear that it niay be much greater - - 
it must take place rapidly a.s the bordered pits which must correspond 
on adjoining tracheids ar^ very soon defined. On the other hand, 
Stbasburger states that there is hardly any such increase in 
length in pine tracheids which retain much the same shape as the 
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cambium cells from which they originate. The cambium cells in Pinus 
sylvestris as viewed in tangential section are seen to possess an elongated 
hexagonal or parallelogrammic shape with the long axis vertical : 
average dimensions are 15/x / 20p. X 2,000/x. 

Lorey®’ p. 222, categorically states that such a unidirectional course 
in tlie tracheids and fibres during their sliding growth is the cause of 
twisted fibre, but it is evident, as Braun fully realised, that in itself 
this is at best a very partial explanation, inadequate to account for more 
than about ^ of twist, and will be discussed later. Perhaps because 
they had not extreme cases of twist before them, the earlier workers 
apparently did not realise that the cambium cells themselves become 
strongly inclined, as is very clearly the case in Pinus longifolia, and 
probably in most or all cases especially where the intensity of the 
twist is strong and changeable. 

A study of the distribution of the bordered pits on the tracheids of 
strongly twisted wood, and of the transpiration current through the same, 
on the lines described in detail by Penhallow,*^ Haberlandt*® and 
Jeffrey^® would be of interest and value as probabl)" giving indications 
as to whether the abnormality is a disadvantage to the tree possessing 
it. The jihlaun tissues being equally inclined, it would be interesting 
to look into the distribution of sieve plates in the sievetubes, but no 
such investigations have yet been carried out. 

2. Twisted Fibre in Relation to the Locality. 

The widespread distribution of twisted fibre in trees has already been 
illustrated in the foregoing section, but it remains to discuss what effect 
the factors of the locality may have on its occurrence. Writers on 
forestry do not apjiear to have much to say on this point, though refer¬ 
ence may be made to Von Truchsess’^* record mentioned on p. 1, 
and Mathey’-*® writes that “ when the roots strike through a hard 
layer of soil into a softer, twist is usually produced.” 

Haktig,^ Ijorey,^’ Nisbet,® and others do not even men¬ 
tion it, but 11. Mayr*® (1909), writing that—“ this much is certain 
that all species on dry soil, southern aspects and stony ground, tend to 
be twisted ” voices the general opinion that the phenomenon is more 
frequent and apparent in unfavourable localities, althoughstriking ex¬ 
ceptions can very frequently be found under what are apparently opti¬ 
mum conditions of growth. Again the Director of Forestry, Ottawa, 
Canada, writes that in Canada “ the concensus of opinion is that twisting 
is a habit of growth due to local conditions. 

In India for Pinus longifolta, Hearle in 1898 noted that “it would 
seem as if this curious phenomenon was due to poverty of soil, lowness 
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of altitude and imfavouralde as])ecis conihinod.” (p. 11) 

describes the geo^rapliieal distribution of t\Nisted fibre for Ftnu.s longi- 
folia as far as known to him, and it may be .uimmarised tt> the elTeet that 
it occurs, throughout tin* range of tlie .species in a varving but generally 
small jiroportion, and is intiuisely developt'd in tlie (Viitial Kumaun 
hills where the present writer has collected most of his information. 
Greswell (in hit.) says that in the Punjab depots, the majonty of 
cAi'r timber has twisted gram. Smythie.s {//i/?V/.) notes that ]>lanted 
tre(*s in Calcutta Botanical gardens shew very intense' twist ; it is the 
same at Delhi, and .sowings in Dehra Dun. wdien* also the* trt'e is 
not indigenous, have given mon' twisted .sti'ius than are obtained with tin* 
same lot of seed sowui in Kumaon : in these ca.ses, soil (‘onditious 
were undoubtedly favourable to tree growdh but tin* climatic conditions 
W'ere not tliose natural to tin* spi'cies. It remains to enquire what local 
factors prevalent in (Vntral Kumaon are causatively ('onnected with this 
maximum development. 

As regards the distriimt ion of right-hamb'd iw'ist very little inform¬ 
ation is available, and Troup’s'® (])J). ‘19, 41) cautious gi'iieralisations 
require modification. As already stated, it reacln s maximum (h'velop- 
iiient in Pastern Kumaon and very probably the adjoining ])aris of Nepal, 
and probably only heri' reaches economic importance, but 5 pi'r cent, 
to 10 per cent, of the total crop is not infreqiu'iit in westi'rn Kumaon 
and scatt(*rcd trees can lx* found not rarely in Namital, Chakrata ami 
probably most other fore.st divisions. The point to lx* emphasisi'd is 
that right-handed twdst in Finns longifolia is a plK'iiOmi'iion of old age, 
and is accordingly not to be (»vpected <*\ce])t wdii're trees of at b'ast 150 
years of age are common the East Ahnora trei's alTected })robably 
average some 200 or more years of agi*. 

The inve.stigator’s attenticin is <‘arly attracted towairds a probable 
connection between the proportion of twistc'd trees in a fonvst area and 
the proximity of villages and the pressure of tin* po})ulation on the forest 
(cf. Troup,’® p. 21). This is at onee a})parent in any bhxk of forests 
shewing twist, e.g., Airadco, and is w'ell brought out by .some figures 
quoted in the wmrkiiig plan for the Central Alniora fon'st division which 
has been closely examined in this connection, (Champion®’). Areas 
in which less than 30 per cent, of the growing stock is straight libicd 
were recorded and mapped as twisted, and if the figures for the. five 
ranges are taken, it is found that the fiacjtions of the total areas re¬ 
corded as twisted bear a very close relationship to the den. ity of the 
population. The figures vary from 79 per cent, for the range including 
Almora town (c/. Fig. 12) down to 4 per cent, for the very thinly 
populated- Kapkot range. Apparent exceptions can be quoted from 
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Altnora district, e,g.y unexpectedly stiaight forests in Kaligadh near 
Ranikhet and in Jaikhal in Pali, whilst it must be remembered that 
similarly intense pressure in other parts of the range of the species, 
hiis not produced this nisult. 

A goo<i deal has been written on the connection between the preval¬ 
ence of twistf^J fibre and the underlying rock. The data available may 
be summed up to the effect that twist is exceptional on recent stratified 
rocks, and on (]uartzit<*, and is more prevalent on mica schist than on 
other formations, but it must be emphasised that these are but wide 
generalisations to which well marked (‘xcejitions are frequently met 
with. Smythiks^o has paid special attention to this aspect of the 
question and finds that (in Kumaon) the tertiary sandstones are practi¬ 
cally fre(‘ from twist, th(‘ quartzites and dolomites comparatively so, the 
granit(»«s and gmuss fairly fr(*e, whilst mica schists are essentially the 
home of twiste.<l fibre. Osmaston*^ records that in Garhwal, L twist 
is of very ran‘ occurrence on limestone : in Almora though not actually 
rare, it is at least ndatively infrequent on this rock. In Kangra, twist 
is fairly common on both gneiss and mica schist, but in the Siren forests 
of Hazara, p«tch(‘s of schist in gnei.ss are accompanied by considerable 
development of twist ran* on the gnei.ss itself. In Mandi Stati*, there is 
an interesting contrast b(‘tw(‘en the straight fibred fore.sts on quartzite 
and the twist on schists. Near Rawalpindi, it is as in Kumaon rare on 
sandstone rock. On the otlnw hand the fore.sts on typical mica schi.st 
near Ranikhet are r<*markably free from twist (Kaligadh and Jagdeo) 
whilst others on granitic gnei.ss (Tambadhaun, Karchuli, Ukhallekh) are 
inten.sely twi.st(*d: in Sarna block of (Vntral Almora divi.sion, intense 
twist occurs on dolomitic limestone, as also on pink granite in parts of 
Bhatkot. It does however appear to be general that twisted fibre is 
I are on the tertiary formations. 

Of the other fixed factors of the locality, the o])inion in Europe that 
twisted fibre is mo.st frequently met with in unfavourable localities 
has already been quoted (p. 10). 

SMVTniE.s*** says for chir that “ southern and western aspects are 
usually more twisty than northern and eastern aspects,’' and that ‘‘alti¬ 
tude has apparently little to do with it except in so far that lower alti- 
tud(*s are often near<*r villages.” So many factors are involved that 
even if it be admitted that northern slopes are better than southern, it 
is |)ermissible to find the reason in the difference of aspect, 
and on present information, a non-committal attitude is prefer- 
a ble. 

M.\they‘s remark that “ the larger and more vigorous the tree, the 
more pronounced is the twist,” is worth mention. 
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3. The Commercial Significance of Twisted Fibre. 

Both in the forest and the mill, timber with twisted fibre is liable to 
be more difficult to saw than straight grained timber, but this is a small 
matter compared with the great inferiority of the sawn ])roduce 
(Troup,Suhlich'^). Although a minor amount of twist is not of 
ai,y serious consequence when the stem is used in the round or 
merely squared {e.g., in masts of Picea excelsa where a right-handed 
spiral is often seen), the resultant loss of strength of sawn timber under 
tension or compression and especially lateral dis])lacement or torsion is 
so serious as to become a matter of the highest economic importance. 
Brief consideration of the distribution of the tw’ist radially in the log 
w’^ill make it clear that in any scantling cut from the peripheral portions, 
the ‘ grain’ along w hich the wood wull readily split, may cross completely 
from one side to the opposite side and a very slight shock or strain sulfices 
to break tlie })iece into two. Wry often, especially with hand-sawn 
slee]>ers sawn through tin* core, the checks will reveal a twist on the 
outei flat surface but little on the inner : within reasonable limits such 
sleepers are serviceable (Figs. 15 10). A very striking case for railway 
sleepers is quoted by Smythifs, where, of a consignment of sb‘eper8 
sawn from seh^cted apjiarently good trees, no less than 10 ])er c(Mit. 
broke across in seasoning (Fig. 17) and 75 per cent, would have been 
rejected for antiseptic treatment. (Jf th<‘ whole area under vhir of 
(Nmtral Alniora division, 58 per cent, is estimated as having over 0 
per C(*nt. of th( trees twisted beyond the7^ HC(‘epted in railway ties a[>art 
from the v^ast number of stems alTected in the remaining 02 per cent. ; 
juobably 50 ])er cent, of the whole growing stock is a fair ayiproxima- 
tiou (r/. Fig. 12). Osmaston estimates that in the N. (larhwal division, 
2 per cent, of the total crop is unfit foi sawing, but he takes the limit 
at 15' which is high. For Pinvfi vxceha in the Nandagini valley, he 
estimates that half the crop is more or less twisted, but scarcely 1 per 
cent, so severely as to be unfit for sawing. Similarly for the Adirondack 
spruce McCarthy^^ found 48 })er cent, of the 2,572 trees examined 
by him failed to ])ass tin* airplane sf)ecification of 1 in 20, or 5”. 

Numerical data for frecjuency are few. (iAYEr cites tin* case of a 
Pinus sylvestris forest near Triei where 84 per cent, of the trees bAve 
twisted fibre and that similar cases occur in the Bavarian Alps, in 8axony, 
Switzerland and in the Forstamt MaTkt-laut<*n. 

A very large proportion of the Sitka spruce and less of the douglas fir 
and cedar tested in Canada for airplane work was alsc» found to be useless 
on this account, as already stated above. A degree of twist insufficient 
to cause the total rejection of the piece of timber, is still ^nougli to 
depreciate very considerably its value, for the irregular warping whicb 
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occurs on scHsouin^ is a V(*rv troublcsom o defect ony too apparent in 
buildings and furniture constructed from such material. Twisted trees 
in the forest are specially liable to snowbrenk and to damage in fellings 
owing to their lack of strengtli under tension or bending strains. 

It is very diflieult to srpian^ twisted logs with the axe, and impossible 
to }»r<*pare split and axerj planks, or sjdit palings, staves and shingles ; 
pluninfi^ is also diffirnJt. fn many districts in Germany, coopers are 
said to exj)ress n pnderence for L to R material for tlieir slaves, but the 
basis for this pr<*judic(* is not known (Gaver^). Jn the intensely 
twisted Pinus lontjiJoHn areas near Almora, many logs or parts of logs 
cannot even be split up into fuel and can only be converted into 
charcoal ; moreover wlien* fuel billets can be split, they are of incon¬ 
venient shape for stacking, handling and floating. 

Another use for whieh a certain degre(‘ of twist is iu)t a defect is for 
wooden rollers such as are made out of sycamore (Ni^'UET^). 

4. The Question of Inheritance of Twisted Fibre. 

Ah this ]>ro])l('m is being made the subject of Part II of this paper, 
but little detail is leijuired Inu'c. Hariio*'^ suggested that one 
ought jirobably to distiiiguisli between an inherited and an acquired 
twist. Mayr^’' writes that “it is ahvays assented that twust is 
heritable, but nowhere has a satisfactory inv(‘sligation Ix'en made on 
the ])oint/’ Matuky-^ was ol opinion that it a]> 2 )eais here¬ 
ditary in certain forests such as tliose of St. Amand and Marchien- 
nes, but is usually fortuitous and sporadic. Toumey^- (J9IG) records 
a smrdl experiment with seed from a twisted Pinus Jeffieiji for wliich in 
3J per cent, of the 750 seeellings obtuineii “ a W'ell marked twist was 
evident below' the cotyledons."’ The opinion in Canada is that twist 
is not nn inherited defect (Director of Forestry, Ottaw'a, in Hit.), 
Smythies has tw'ice raised Pinu'i httofifoUii s<*e<llings from seed from 
tw'isted tre(*s witlumt tinding any ajipreciabb* twist in the seedlings 
(this is commented on later, ]). *V2), whilst Troup^® did find tw'ist in 
seedlings of similar origin grown in Dehra Dun in 1012. C.\nning^® 
(p. 110) has recorded a ease of a right-handed twisted overcrop w’itli 
left-handed twisted regeneration, conditions }>cing unfavourable to the 
‘Seedlings. Troup^^ (p. 15) records his final decision that twist is not 
inhcrojit in the seed. 

The interesting eaweb of the Almora plantations and the Kausani 
Estate (in Almora district) are noteworthy in this connection and are 
liscussed in part II ([>p. 31, 35), but here also the evidence is conflicting, 
he former supporting the existence of heredity and the latter being 
)pposed to it. 
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14, The stump of a badly shaped strongly left-handed twisted tree after 
removal of the bark. Maharpah. 



16 Sa\sn timber shewing twisted fibre, Barmdeo Boom, R, Sarda 
A Strong right-handed twist in the top piece, strong left-handed twist 
in the second, and moderate nght-handtd twist m th( fourth 



B, The same timber with the top two pieces turned rou^d 
Note that the top piece now appears straight-fibred, having Ijcen sawn from a log 
with the usual straight fibred inner core with nght-hauded twist 
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With the object of obtaining soiuo more reliabl<‘ information on thi® 
important question, exjx'riinents on ii fairly large scale, ^^ith feed of 
known and varied origin sown under varying conditions, foll(>\\ed by 
varied.treatment of tlni resultant seedlings, Iia\e been carried out bv 
the writer in Kumaon since* and are described in Part 11. The 
investigation is of course still far from complete, but the general deduc¬ 
tion from the examination of large numbers of seedlings, couj>led with 
general observations in the (*xisting cre)ps, is that a tendenev to the 
development of twisted fibre is detiiiitcly Jiereditary in seed obtained 
from the badly L. twisted trees of (\ Kumaon. This tendency does not 
find expression during the first growing season, but twist(‘d fibre is fr(‘elv 
found ill the seedlings in the second and folhuving s(‘asons. llAin Kps 
sugg(^stion that inherited and ac(piir(‘d twist should lx* distinguished 
receives soim* substantiati<»n, and it apptsirs that in most of its ramn*, 
Pinns hnufijolln, lik<* almost (‘\(‘ry other Ikm* spi'cies, occasionallv ])ro- 
duces a twisted tree* whose condition must lx* ascribed to ‘‘ fluctuating 
var'ation ” or some not yet und(‘rsto(xl reaction to tin* factors of the 
locality, whilst in Kumaon, liom whatev(‘r cause*, a hxail variety, fn*ely 
intt'i’crossing W'ith the normal form, has originated, in whosi* lu'rcxlitary 
constitution is a factor (‘ausing or allowing <‘asy d(‘Velojum‘nt of t wasted 
fibre. It will Ix'iudixl that this confirms Matiik’S's lx‘lief already quoted. 

There is no (juestion but that sehx'tion by man acting by tlie (‘limi- 
nation of the straigliter stems, must have ]>layed an inqiortant part in 
bringing about tlie condition now found ; this point must be emphasised 
as an essential ]»art of tin* explanation oflered of tin* facts as om* finds 
them in tlie Kumaon pirn* forests. 

It is sugg(*.sted that just us many familiar varietal forms {('.(/., mela¬ 
nism, ])eloria, fastigiatc* stems, etc.) are common t<» numerous species, 
so also this cliaracter of tendemey to prodiUM* twisted fibre* may be de¬ 
veloped locally in sjiecies otluT than Pinas lonr/ifuluf (<'.//., probably in 
Picea sitchensis and Pinas Jeffrcffi). The case is how(‘Vcr much comjili- 
cated by the perennial habit of the trees and the ind(‘terniinate crossings 
w'hich take jilacc, since the jxilb'ii jiareiits of no two s(‘eds in a given 
cone are m‘C(‘ssarily the same. 

5. The Possible Causes of Twisted Fibre. 

{a) (tenekal Tiieohetical Discussion. 

The occurrence of spiral form is so common]>lacc (t’ooK*®) as hardly 
to require mention, in fact one is almost tempted to treat ii as the normal 
condition and look for reasons to account for growth in straight lines. 
Moreover Gayer* gives as his experiimce with w^ood, that ‘‘ the 
rule is rather a more or le.ss drawn out screw' like ^wi^.t of Ihe wv/od 
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fibres,” than for the latter to follow a straight course parallel to the tree 
axis. It is usually the result of unequal rates of growth in different 
parts of the organ affected, either the more rapid growth in the peri¬ 
pheral parts than in the centre (Sachs) as in the orchid ovary, or in- 
equaliti<»H on different jiarts of the periphery stimulated by unequal 
weighting about the axis (L)e Vriks®'^) as in the case of most 
stems, petioles and similar organs. Many spirally twisted parts, espe¬ 
cially those found in fruits are due to unequal contraction in different 
layers on dessication, c.g., the valves of pods in legumes and Impatiens 
and the awns of many grasses. The fact that so many of these move¬ 
ments or displacements serve some function in the jdant’s economy, 
e,g,^ assimilation, support, jxdlinatioii, seed dispersal and so on, is to be 
considered us secondary since these (‘ud results can liardly account for 
the initiation of tin* phenomenon. 

Tlu* origin of an inclination to the vertical of the long axis of the 
constituent cells of secondary tissues of a tree which bring about the 
appearance of twist, must be traced back to soim* influences, iiilierent or 
external, working on tht‘ differentiating cells of the secondary woody 
tissues and, in the case at least of more severe twist, on ihe cambium 
cells which by tlnhr growth and division. giv(‘ rise to thiun. The direc¬ 
tions in which the great growth activities of cainliial cells can take place 
are very restnct<*d : instead of being able to grow and divide ecjually iii 
all <lin*ctiojis as can a free swimming cidl in a fluid medium, or to a less 
extent the cells of any young im*ristematic tissue*, they arc- -considering 
any part of tin* bole of a tr<*e virnially limittMl to an increase in an out- 
V anl radial diicction only, with an (*.\tn‘im*ly r(*strieled tangential ex- 
[)ansiun as tin* radius b*ngthens. Even growth radially involves the 
expe*n(litun* of consi<h*rabb* eiiergv in ruj)tunng and pushing outwards 
the pido'm and cortical tissues already fornn*d. 

The jiarth'ular orientation universally found among elongated cells 
of a stem with the long axis parallel to that of the stem as a whoU , and 
so vertical, might possibly be due directly to gcotroj>ic response, oi wliat 
seems more probable, to tin* tlrawing out of the (lifferenliatiiig cells 
under tin* influence* of tlie, ixpid eioiigation during early growth at the 
v(‘rv commence*nn*nt ol life of the part under considerat ion, such drawing 
out naturally (‘onforniiug witii tin* direction of i‘]ongation and so being 
in tin* case of tin* main axis of a tree vertical, f.c., in the same position 
as positive or negative geotropism would constrain it to take*. There¬ 
after by the relatively simple pro<*ess of increase by divisions in the 
railiul plane conforming with expansion in that direction, in the plane 
at riglit angles to this (tangential) and inthe jd ane at right-angles to 
the long axis, every daughter cell will come to be similarly orientated. 
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The fact that such orientation gives inaxiniuin elticioiu v in tlio result¬ 
ant tissue for sup])orting or transmitting superimposed weight, is better 
considered as a consequence than a cause. 

Starting from this basis, and considering the main stem only, inrii- 
nation of the tissue units might result as follows ; - 

(i) Under special conditions, by a geotropic res])onse in the C(‘Ils. 

(ii) By the introduction of a new internal force overcoming the 

tendency to follow the general rule. 

(iii) By the action of an external force. 

(i) Gvotropie Feaponsv. 

Of the thiec possibilities rmuitioned, the first cun lx* shoitly dismiss^xl. 
At first sight, the observation quoted as from <'anada, that leaning treu'S 
arc specially liable to be twisted, suggests tliat ge()tro])ism is a factor of 
importance. A tendency of the fibres on tht‘ sides of an inclined tree 
to ''•oiiform f)aTtially to the gravitational jmll can often be observed but 
it IS obvious that without various arbitrary provisions. geotropi(‘ res])onse 
in tJi(‘ cambial cells cotdd m‘V<*r give a continuous s])iral up tin* axis. 

With Pinu.s loHffi/oliaAeanlng boles shew no unusual liability to be 
twisted and crojis on st(‘ej) slopes w limu* almost ev(*ry tnu* has a curved 
section at the base, fuussmit no sp(‘cial develo];ment of twist. Jlow» 
ever, tlie tendency of brancln‘s to be mor(‘ int<‘nsely twisted may be 
borne in mind. 

Again, tile fastigiate and Wfuqung \arieti(‘s (' many trtx's, and the 
more or less constant angle between stem and branch tor a given species 
or tile branches of an inflorescence (especially cymosj* forms). sugg(‘st 
that it is not impossible that a jilant inemlxu- may n‘sj)ond to geotropic 
stimulus (quite ])ossibiy as a resultant with a second for('e acting simul¬ 
taneously on it) without (u ieutating itself accurately in a plane coinciding 
W'ith the lines of gravitational force. Here also howev(*r various un- 
sujiported assumptions are necessary to account for the phenoimuia 
described as occurring in twist<•(! trees. 

It has been seen that in the seedling, twisti'd fibre is most stioiigly 
and frequently developed in the hypocofyledonary zone including the 
transition from tin* jiositive geotropisni of the root to tin* negative 
geotropism of the stem. This coincidence is notewnutliy as indicating 
that after all, geotropism must always be borne in mind in this problem. 
Geotropic response is commonly manif^sted only in tissues growing in 
length, but it will be seen later that it is only the first small beginning 
of twist that is difficult to explain, and this might take jdacc in ihe 
seedling. 
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(ii) A new internal force. 

The second suggestion is that vve may have to do with the introduc¬ 
tion of a new internal force ovtTcoining the tendency to follow the 
general rule of vertiealily. 

There, is the explanation ali\‘ady expressed in 1874 by Sachs®® that 
tlu* inclination of the et‘II axis is due to excessive longitudinal growth 
vigour of thf‘ cells divided off by cambium on the fixed bole, which can 
only be relieved in this way. In tin* case* of the swollen base of the 
extreme left lianded twist<*r, abinurnally great radial expansion accom¬ 
panies the. twist, further sup])orting this id(‘a of excessive growth vigour. 
It may further be ])ossible to correlate with the last mentioned example, 
the fa(‘t alr(‘a<ly mentiom’d (numerical data being giv(*n in part II, 
p. 1)1), that in the s(*edling, consid<‘rabj(* <N)rtical “ carrot ” d(*veIo])- 
nieni (Figs. and 28(l)| t<‘nds be accomjwmied by twast(*d w'ood : 
most of the e\<*<*ss growt h vigour tiinls v<‘nt to its activities on t In* cortical 
side of tin* <ambium. I)ut such wood as is laid down (the woody axis 
usually remains normally cylindrical in these (*as(‘s) is atlected as in the 
old tn*<*. The <lata collcct(*d for 5 lots of *J yea?-old seedlings totalling 
l,b41 individuals, sujijiort this supposition. Five stages in “carrot*’ for¬ 
mation w^‘re disiingiiisln*d, but may for })res(‘nt purjioscs b(^ condensed 
into two only, normal and strong. In ev<*ry case then* w’cre between 
and .‘bo per c(*nt. mon* s(‘edlings tw'isted in the strong carrot class 
than in tIn* normal, the pc'i'centages for the whole* number taken to¬ 
gether being fj'J and 19 r<'spectivt‘ly. Similar again is the strong deve¬ 
lopment of twist in tin* swollen zom* above tin* constric’tion of a 
girdled stem (c/. p. 50 and tig. ‘50). 

A further hypothesi.s \n Inch app(‘ar,s worth following up, is that this 
excessivt* growth xigour is due to a loc.d cln‘ck in the trans])ort of food 
materials. It has been s(‘en that tin* twist is most iutt*nsely d(*veloped 
at the foot of the tree in the left-handed twist(*r where the woody axis 
eiiters tin* ground and hindranc<*s to volume growth ate met with ; in a 
tiimilar position in the seedling when* the arrangenn*nt of tissin* units of 
the stem change o\er into tho.se oI the root : and in branches w^here 
tht*y are inserted into the main liole. Similar po.ssibilities occur above 
the girdle, in girdled stems, and perhaps ahso in tin* right-lianded twister 
in the upper part of the boh* where growth is juore active* (as i.s usually 
the ca.se for old tre(»s) than further down, ft lias l)een mentioned abov^e 
that twist is es])ecially fre(pn*nt on mica schist, and the suggestion is 
that the structure* e»f this rock is such as to render the devedopment of 
tt good normal reieit system ])articularly diflicult ; tre*e*s growing in 
narrewv clefts of any kind of r(K*k will be similarly at a disadvantage and 
in all countrie‘s have been noticed as exspt*cially liable te) develeip twist. 
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It niay be objeeted that the root and crown devel()])ment in a tree are 
t(K> closely correlated to ]>eriuit the formation in tlie crown of exce.>s 
carbohvdrat<* N\ith the local acciinuilatioii, hut this ]>rccise 

correlation would ei[ually recjuire exact dem(»astration and d(a*s not 
a])])ear to exist in the case of the girdled stem. Ex})c‘riments made to 
throw light on the ed'«*<*t on the dir(‘ition of tiiefihrtsssuhs»'(|uently laid 
down, of partial girdliiig and rigid circumhuential binding of tin* sti*m 
of Finns longifolni as a species juuticnlarly liable to twist botli on 
young pol(‘s and on seedlings, are still in ])rogress. but some results 
have been obtained and are (pioted on ]>p. 50, 51. For tht‘case of tlu^ 
seedling, th(‘ suggestion is made for what it is worth, that for a ])eriod, 
leaf development and carbon assimilation outstrip the ability ol the 
])bint. to utilize th(‘ aVidlable food luatiuaal in the noimal way the 
monsoon conditions under which Finns UmgijoUn grows ai‘(‘ distinctly 
abnoMual tor tht‘g(*jius and tin* resultant tensions int lu‘djiTercntiating 
cells find relict by talving on a n inclined ori^uitat ion. 

1 he aet inl niod(* in which increase* iji l(*ngt)i takes ]»lace js, as seen in 
strtion 1 (c) alnw i*, wdiat is know'n as sliding grow'th. It w'ill be r<*alised 
on consideiation that as far as the result iscomauned, the inclination of 
the unit elenu'nts w'ill tak<‘ }>lac(‘ eijually W'hetlu‘r tJiey meet s<|iiarely end 
to end or fit into om* another wedge fashion, ])rovided, as is th<* cas<*, 
the elongation invoKes real growtJi and not nuui* change* in shape*. In 
any case, sliding growth alone is obviously ina(b‘(pu.le to explain th* 
facts : then* jnust be a further influence at W'ork to cause uniformity in 
tin; direction relative to the adjoining ceils above . ud lielow' follo'.ved liy 
tlie unit undergoing it. or if not uniformity, at least a ])re])onderan( e in 
one direction. BuAnN, liaving satisli(*d himself that some ,'J was 
the maximum ijielination theoretically ]>ossil)h* with tlie known 
sha])e and dimensional increase of difb;rentiating traeheidal cells with 
.sliding growth, could only, as we Jiave ,s<‘<*n, sugg(‘st slanting walls in the 
infrecpient radiiil divisiciiis of earidual cells to explain tin* jnon* infciisc 
twist connnonly found, but bea]»p<*ai's to have* overlooked tin* jiossibilify 
of a lank action of tin* Icngtlicning and inc'lining young tiacli<*id on the 
j)arcnt cambium cell. 


(iii) A new eilennal fftne. 

The last altenuitive is the action of an external force stronger than 
the tendency to vertical ori(*r.iation. such may be cjuoted wind 
action on a f>ne-sid<*d crown wliicli has commonly been ciietl us a c‘aiise 
of twnsted fibre ; c.//., Uartio^ a.sci ibes to it a case* lie found of 
a larch wdiich had grown straight for 50 years and then in the next 
3(» }our8 had hec(>me twisted till tlie course of fibres were fr<*!n the 
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v«rtic<il. The poHftibility of such an origin of twisted fibre must be 
admitted for individual oases, but it is totally inadequate as a general 
explanation. 

(/;) SlURALH IN TiSSUK ELEMENTS : SLIDING GROWTH. 

A further mstter next re<piires oomi derat ion. Whichever if any of 
the above sugg«‘Htions is corr^'ot as to the cause of the development of 
twisted fibns the tvist developed should be equally to the right and to 
the left unless tlierc* are further dir<‘etive forces at work on the growing 
cells, and also ultimately on the ac tual camhial cells.* 

In dealing with the mieroscojdc (‘xamination of twdsted wood, it was 
seen that if in tlieir sliding grow’th the differentiating tracheids tend to 
push past their neighbours ]»redominantly on the one hand or the other, 
a (juite a])preciable degree of twist might result, and so the question 
a risers as to w'hat direct iv(‘ forces may exist to ])roduce such a tendenc.y. 
As nnuitioned on page* 15 a spiral fourse is so common in the products 
of vital activity as evamin<*d microscopically or seen on a larger 
scale (c/. Gook'^^) that it is usually taken for granted without 
any question as to its wherefore. The s]ural vessels of the protoxylem 
elemcMits coniferous wood and the spiral thickening of the tracheids 
in some species (leaving other ])Iants out of the qinsstion) are very 
familiar. 

Tln‘ spirals in traclu'a and tracheids are usually constant in direction 
and rightdiande.d, l)u1 left-lianded sjiirals occuir, c.//., in Plnus sf/lvestris. 
hi Hvrhvi'is rulfforis, the first forimal are L. and the later JG wiiilst in 
(as with its tendrils) both diieclions may be followed in one 
unit. The s<‘('ondarv thickening has gimerally a spiral structure* revealed 
in what is known as striation ’ ol the tracheid membrane (P"ig. 19). 
Kkieg'^^ has made a detailed study of this “striation*’ in coni- 
b'rou^ wood. nota]»l\ \n .s7//rc.s// /v, in which it is already recog¬ 

nisable in tra<du»ids next but I or 2 from tin* cambium, lie found that 
tin* sfriation is ahniffs a teff hooded sftirol (hx*. cit. p. 218) with pitch 
cons! a lit in a given cell (.HT' 18"'). the inelination of the slits of the 

bordert‘d ]»its, and tht* mi/ellar rows (as deduced from ])olurisco})e 
examination) conforming to it.f The iiwdination generally decreases 

♦ In thi« counfction tht* t’t)nntini;H of tlu* (!irt*ctions of thi* s])iralH in pine cones by 
1C, (L (('Hi'KOn'**) aiv intcrestiim. liiHtcad of the .50 . 50 proportion to be 

expected, he fotind (cones ail from (»nc tix'c of each K|K*cicw). 

}\ lnrin > l,W .70 L 30 R. 

P. au^truirn l,aeo.46 L 54 R. 

'I’he wrll kno>Mi case t>f the common whelk in which I L only is found to 99 R may be 
mentioned again. 

f Tins is nol alwav^ th« cas'*. Pi" hm.low** mculion*' Phuta Stn.bva, in the autumn 
wi»od of whie’\ thi‘ *<litsarv‘ paralh’I to the long axis of the tracheids: he considers tics 
au advanct‘d derivative from thcnornial. 
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with increasing diameter of the tracheid. Penhallow“* (1907) 
makes similar observations and reproduces a line micropliotograj)!! 
shewing how decay brings out the striation in th(‘ fossil wood of 
Pseudotsuga miocena. In spiral vessels, there is usually more than 
one spiral in each vessel, commonly J-4 (up to 16-20 in Aiigiosperms). 
He makes out a good case for considering the spiral structure tin* j>rimi- 
tive form for traeheids, all others being derived froju it. Vordadvs 
exhibit spiral vessels unusually W’cll developed. 

For P. longifolia, striation can usually be detected on some of the 
tracheid walls in any sec*tion (Fig. 19) without sjxieial treatment. In 
any one section ^he inclination is constantly right or left, but rare exce])- 
tions do occur. The slits of the bv)rdered ])its are mostly eir(*ular but 
when oval, the long axis is generally more inclined than the striation but 
in the s.im(* direction: the simple pits on the medulary ray c(*lls arc* 
gcuierally oval and oblicpuily orientated, and similarly conform in direc¬ 
tion to the striation. Care has to be taken in this casi* to distinguish 
which side of the cell is being viewed. 

Denha.m^ (1922) finds a similar spiral structure in tin* cellub>M' 
wall of (lie cotton hair and even in the cuticle (*nv(‘loping it. 
S'lKAsnuRtJER^^ (I92J) quotes the case of VincOy the filue-w^alls ol 
which can be seen to be l/uilt up of several layers of thickening laid 
down s})irall 3 ^ but at var^dng angles. Agiun there is the more* familiar 
case of the tertiary s])iral thickening of the traeheids oi 7\uif.s\ Piven^ 
et('., which, it may be noted (Kbieo***), does not follow the striation 
wh(*n tins is also visibly jnesent, but is usually ^t a smaller angh* : it 
is alho b*ss develojied the thicker the walls, as can b(* seen in the 
autumn w^ood of 7V/.r//<s. 

All these cases are end jiroducts of the activity ol the li\ing ]>ro- 
toplasm and the empiiry is pushed back a stage further as to why the 
])roto]»lasm should lay down the cell w^all in this sjiiral fashion. The 
obv'ious sugg(‘stion is that the protoplasm with the nucleus directing its 
activities may itself move in a spiral direction, difler(*ntiating and depo¬ 
siting carbohydrate materials as it goes. Unfortunately W(* liavc no 
information as to the movements, if any, of the jirotoplasm in cambial 
cells, but for cells of w^atfT plants wdiich can be easily studied, 
JosT®® (1903) tells us that in elongated units, the rotation of the 
piotoplasm is in a constant direction, following tlie long axis of the 
cell and often shewing obnons torsion if the cell be exc€q>tionally long, 
e.y., an K spiral in Chara. Braun* 'has shewn that the order of 
development of lateral leaves and roots in Chara is related to the dim;- 
tion of streaming, those parts to w’^hich the stream is directed develoj)ing 
first: this is important as shewing the connection with the nutritive 
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function. Ewakt*® (1903) finds tliat in all tlio cells of the same 
U^af (in EUnlm and VaJJisncria) thf* pr()to])lasm circulates in the same 
direction, the spirals of the thiekc'iiiiif' of adjoining traelieids slu'wing a 
Hiriiilar uniformity. The last, mentioned worker also summarises jjresent 
day opinion eoiUMuning ])rotoplasmie eireulation to the (‘ffeet that various 
Btimuli may cause streaming, hut not unless tlie ])rolo])L'ism has an 
inherent tendency to streaming, which it often has jjot. One istemi^ted 
to Huhstitute “ twist *' for streaming." 

The deduction wliich may he made from 1h(‘data adduced above, is 
that the prevale.nce of spirals within tin* cell may Well he traceable 
to tin* spiral (‘ourse followed hy the ('(‘litre of growth activity* (cf, 
Denham^^T 

(Vmsidering n(‘xt tin* of a young difTerimtiating traclieid coiu- 
meiK’ing its sliding groW'th with the W'all being l)iiilt u]) on a left-hand 
spiral, and so likely to st.rrtch more easily t»ci‘oss iJic* dir(‘ction of tin* 
spiral than ah»ng it. Tin* oh.Ncrv<*d facts demonstrate that tin* slid(i 
(KJciirs more readily along a radial ])lane than a tang(‘nlial one, v.c., 
more hetw'(*en cells des( cinh‘d from dilh*n*nt. eamhium c(*lls tlian lieiWTen 
sistt^r cells. lJnd(*r these condition'-, the forc(‘s wdiich w’ill result in 
dimemsional gnnvth are lihely to hi* great(*st at tin* to]) of a s([uarc 
ended e(*II, and to reveal tln‘msehes first at flie inner l(‘ft-]iand 
<!orn(*r or flic oul(*r right hand, as view(*d from outside llic stem 
(Fig. 21). These two jiositions diHer in that for tin* whole inner 
side fln*re is a t(*nsion on lioth side*- of tin* menihram*. since the cell n(*xt 
inwards must In* considered as being iiirtln*!’ on in dev('h)])m(*iit wdiilst 
tin* outer side adjoins an a< tual canihial cell in wdiieh dilTerontialion and 
growth in h*ngth has not yet. hegiin ; tin* itm(*r h'ft-hand (*orn(*r is tliere- 
fore more likely to bulge first in respoii'-e to ])res'sun and this it may 
riynlily l)e imagined is sufhei<*nt to locate furtln*!* development jirtTer- 
entially on tin* h*ft side. All this is nf cours(‘ merely ]iypoth(*tical. 

If this line of aigument is correct the tcn(l(‘nc> mii.st always bo ])rc- 
sent for tin* filncs to follow a (<*ur.se inclimd in the same direction as the 
spiral of the cell w.ill, hut umh*! oidinai\ conditioiis the tend(*ncv is 
])r«*sunuihly insutricicntly ]ir(Uiounced to ])revail ov(‘r clianee conditi('nH 
favouring in tin* averagi* the one cour.se as much as tin* othcir : it will 
r(*(juir(( variation in tin* ('onstitution (»f tin* individual ])lant alhAving tin* 
teiKh*ncy to (*xpr(*ss itself, or a re.spousi* to sonn* external stimulus. If 
tin* cumhialci*!! itself has a parallelograjumif* slia])c a iewed along a radius 
(/.(’., in tangential .s(*ction), the inclination of the top of tin* c(*ll to the 
right or left, winch W'ould <]ecid(‘ tin* direction of later sliding growih, 

♦ If the Hpiral oouwo won* only oneo foilowoil in the life of the coU thia might euffico 
to iletiiie the Uni's of Hnl)MM|ncnt (tevolopinont. 

I J 
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CHAMPION, H.G. :-TWISTE0 FIBRE IN TREES. 


Fig. 21. 
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\ iVdiii t!»at side. 


A = ?ua\in)iini at the It't liack (iii'id<*) corner. 

1> = Se'‘ontlan iiiaMiiiiini at the iiLi^lit finiil (oiit'ide) corner. 



22. TwoH^eaAon-oM cojipii e from C-F‘ea«on-ol(l plantn of Mai ar|)ali powinfrM, shewing the 
effects of local injuries on the course of the fihres. Dead tissues coloured black. 

No. 37 “ H ” unaffected by injury except at ita edges, 40 ^'*‘low injury : “2t” alme it. 

38 ‘-8” unaffected by injur)' except at its edges 41 “8** Itelow injuries : “s” al>ove them, and, 
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might be similarly accounted for. The inclined traclieid can then 
readily be imagined as exerting a back influence on tlie tliin walled 
plastic cambium cell, overcoming its normal tendency to maintain the 
vertical orientation and the prcxresa could in theory be continued to any 
degree. With the far more com])lex structure of angiospenuic wood less 
uniformity is expected and found. It remains to co-ordinate the change 
of direction of the twist in the course of the life of the tree which takes 
place in many trees especially conifers. It is well known that in those 
aquatic plants in which protoplasmic circulation has been most studied, 
reversion in the direction of flow may be brought about by various 
stimuli (especially such as are in the nature of a shock) and it nxay be 
possible that a change in rate of gro\\ih acts in a sijuilar way. Although 
McCarthy finds with Picea rubra that the change in the direction of 
the twist is associated with such a change, and for Pin us lo7igifolia it 
has been seen that the chang(5 occurs wii/h the onset of old age, the evi¬ 
dence as a whole seems to indicate that the nonjial condition of twist is 
left-hand(Ml at the commencement of life changing over to right-handed 
as time lapses at a rate varying with the species. This suggestion should 
be capable of denionstration, as striation and spiral thickening where 
these can be detected should shew a ])arallel reversal. This has been 
attempted for P, longifolia, but on too small a scale to give conclusive 
results. In K-twisted material 18 ceases of K striation were found 
against 4 cases of Ji, two of these being somewhat uncertain. With L- 
twisted wood, 6 cases of L were noted against one of R. It is difficult to 
find any substantiation for MoC^arthy's siirncsfi to the effect that 
“ light is doubtless the factor which determines the direction of torsion,’* 
at least without going back to the very origin of life. 


(c) Effect op Injury. 

Troup^® (p. 44) in summarising recorded information, quotes from 
Smytuies, that Damage duruig youth tn unfavourable locahties is 
the fundamental reason of twisted fibre in the chir forests of Kumaon ” 
and that fire is a primary cause.'’ It remains now to examine this 
question of the effect of injury on the young plant, bearing in mind that 
for Pmus longifoha only left-handed twist is here concerned. The second 
assertion quoted is, we consider, amply refuted by the fact that in the 
whole range of types of locality, straight trees and crops have come 
up despite annual burning. However the coincidence of the maximum 
development of twist, both in the individual tree and the crop, with the 
maximum pressure of the population on the forest and the excessive 
browsing, trampling and lopping it implies, certainly seems to indkata 
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that damage to the young plant is an important factor in the matter 
(c/. Pig. 13). In passing, it may be remarked that there is no suggestion 
of such damage in the quoted example of Picea rubra. 

Precise data on this point are very few, but some figures obtained 
from sowings comparing percentages of twist in injured and uninjured 
seedlings from a single lot of seed are given in Part II, p. 49, where also 
the apparent lack of influence of the development of the root system is 
demonstrated. Interesting results, although again only on a small scale, 
have been obtained from an examination of 2>season>old coppice shoots 
(from 4-8eaRon-old stocks) injured by insect attack in their first season 
of growth, and presenting a varying degree of callus formation. The 
course of the fibres in these shoots can be seen in Fig. 22 which shews 
very clearly that at least in the wood laid down in the year following the 
injury, the disturbance of the course of the fibres is as a rule very slight, 
Nos. 39 and 41 being particularly good examples : that exceptions may 
occur however is clearly demonstrated by 40. In fig. 23 are shewn two 
examples of the effect of girdling by the same agency, in one of which 
(No. 32) despite intense contortion in the callus, the fibres a short 
way above it are as straight as in the original stem, whilst in the other 
(No. 33) there is but little development in the callus, and the new wood 
above it is actually straighter than the older wood below. That irregular 
bending of the stem however caused has little or no effect, is shewn by 
the figures for seedlings bent or broken by snow given in Part II, 
p. 49, and by seedling 31 of Fig. 23. 

All these data tend to demonstrate that injuries do not generally 
result in an enhanced development of twisted fibre. They are however 
open to the objection that a longer period than is covered by the investi¬ 
gations concerned, would probably be required for the effect of the 
injury fully to shew itself, in fact, one could hardly expect that a change 
in the orientation of the tracheids or cambium cells far from the seat of 
the injury, could be effected by the latter, though it is not difficult 
to imagine such a change spreading gradually outwards from the 
injury. 

Contrasting with these figures are the results obtained by the partial 
artificial girdling of seedlings by growing them through the holes of a 
perforated iron plate, reference being made to Part II, p. 50, for 
details. The conclusion from this experiment is that this partial 
girdling of the hypocotyledonary zone undoubtedly leads to the 
development of twisted fibre and often to an intense degree : what is 
im|K>rtant too, is that the spiral is as often B as L. 

In conclusion, it may be remarked that any one conversant with the 
facts in the field will be biassed in favour of the belief that continued 
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i&jttxy to the young plants at least strongly accentuates any tendency 
to twist which they may have in them, and this is being made the subject 
of further research. 

The already quoted case of the Almora plantations where under 
careful protection the young plants, despite very good stem form, shew 
a high percentage with twisted fibre (c/. Fig. 29), also goes to prove that 
at the best, no injury is requisite for the development of the abnormality. 
Some experiments on the results of intentional trampling of seedlings 
have given no very definite results {cf. Part II, p. 57). 

(d) Effect of Coppicing. 

A point in the case of Pinus longifolia which should repay investiga¬ 
tion is the effect of coppicing. In the existing forests which have almost 
without exception grown up despite annual firing, it is certain that a very 
large proportion of the trees are of coppice origin. Exception must be 
taken to Canning’s statements (c/. Troup, ^ p. 44) that burning 
back is the cause of, or necessarily results in the development of a bulbous 
base, and that the fibre of the wood in such bulbous bases is always 
twisted, since neither statement can be substantiated in the form given, 
but the displacement of the centre of growth from the original erect 
stem axis to a dormant lateral bud might easily upset that equilibrium 
condition in which the tendency of the differentiating tracheids of the 
main axis to diverge in equal numbers to either side of their neighbours 
above and below, overrules any unindircctional tendency resulting 
from growth activities combined with the structure of the growing cell. 
All injuries moreover act as stimuli tending to rej ^ oduce the conditions 
of a check in the transport of food supplies which has already been seen 
to be a general accompaniment of specially intense development of twist. 
The effect of repeated coppicing or other injury would clearly tend to be 
cumulative. 

Such data as are available on the direction of the fibre in coppice 
shoots as compared with the original axis may be examined. For forest 
grown plants, the following results have been obtained 
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These figures shew that the new coppice shoots do not develop twisted 
fibre in their first season of growth, whilst in the second year the shoots 
still shew twist in a smaller percentage of cases than in the parent stocks. 
Series 1 is exceptional even allowing that the dead leaders were them¬ 
selves probably of coppice origin and of uncertain age, whilst series 4 is 
unique in showing a pronounced tendency to right-handed twist (Fig. 11). 

More reliable data have been obtained in experimental sowings made 
in 1917. A number of plants were coppiced in 1919 and the second 
strongest shoot examined in 1920 and the strongest shoot in 1921. 
The results are t abula ted below. For compari son the results with normal 
seedlings of the same sowings are incorporated. 
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In all cases it is found that as with the 1-season-old seedling, so also 
for the 1-season-old coppice shoot, no twist is visible even where nearly 
half the original stems are twisted. The results for the two-season-old 
shoots are somewhat irregular. In series 1 there is a close agreement 
with the original 2-.season-old sterns though the latter shew a slightly 
lower proportion twisted, and the 2-8ea8on-old coppice shoots are defin* 
itely more frequently twisted than the 4-year-old seedlings. In series 
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2, the coppice shoots are definitely more twisted than the 2-or 4-season* 
old uninjured plants. In series 3, with strongly twisted stocks, there is 
a close agreement between the 2-season-old coppice shoots, the original 
2-8ea8on-old shoots and the 4-year-old seedlings. Finally for 46 stocks, 
the results were recorded individually as follows ;— 
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Thus out of 23 plants in ^hich the original shoot was straight, the 
coppice shoot of the same ago was still straight in 13 or 57% of the cases. 
These figures shew that all variations occur though a tendency of the 
coppice shoot to follow the lead of the original axis is discernable espe¬ 
cially if “ slightly twisted ” is included with “ straight,’* 
whilst the total amount of twist in the coppice shoots is in very close 
agreement with that in the original plants. 


(e) Effect of Burning. 

It may be supposed that the chief effect of burning is similar to that 
of coppicing by any other means, though the severe shock might produce 
further results. For instance, an average fire destroys virtually all 
one-year-old plants and exercises a very severe sefective process on the 
older plants, only the more vigorous surviving apart from fortuitous 
circumstances. If then the more vigorous seedlings are more liable to 
develop twist than the weaker, it might still be correct to say that firing 
increases the proportion of twisted plants. Data are also available from 
the sowings on this point and full details are given in the second part 
of this paper but the general conclusions may be repeated 

‘‘ The figures clearly demonstrate that for 2-year and 4-year-old 
seedlings, there is a pronounced tendency for a higher frequency and 
degree of twist to be developed in the more vigorous seedlings.” 

A further range of data offering more conclusive results was collected 
in 1928 from 1054 2*8eason-old coppice shoots on G-season-old stocks of 
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known origin which were killed back by fire, some being left to coppice 
naturally, and the burnt stem of others being cut back to within some 3* 
of the ground. The details are given in Part 11, p. 61, but a very close 
connection is found to exist between the development of twist in the 
seedlings and in tlie coppice shoots derived from them after the loss of 
the original shoot. This connection is clearly fo be traced in all the 18 
sets of data collected and is illustrated by the figures of the following 
table in which only the 5 di fferent seed origins are separated. 
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[ % Hbedunos peek from twist 

Aft/or 2 hounoiifa. ^ Aftci 4 scaKous. 
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From this also it upp(‘ars that J-ycar-old coppice shoots tend to be 
very similar as regards the development (»f twisted fibre to the 4-Hea8on- 
old seedlings of the same origin, and to be rather less twisted than the 
corresponding seedlings of their o>mi age. Tims simple co])picing does 
notappear to result ina maiked increase in the frequency or degree of 
twist. 

A 8})ecial lorm of coj)pieing \erv common under natural conditions, 
especially as a result of fire injury, is what one might call pollarding, 
when the leading shoot is killed oi removed, and growth is continued 
by a bramdi taking on the ])osition and funetioii of the leader, or by the 
rapid development of one oi more dormant buds for the same purpose. 
Figs. 23 and 25 shew' some typieal results from the sowings, the plants 
being 6 seasons old, and the shoots 2 seasons. Here again the purely 
local nature of the efV' ft (or primary efTeet) of the injury is conspicuous 
as in No. 43 and No. 45 Of 15 plants carefulIv prepared for these figures, 
1) are straigbl til)red throughout except in the new callus tissue forming 
over the old snag. 2 more shew twist in the new shoot than in the dead 
one, and 2 shew less, whilst in two the base of the old stem has been com- 
])letely coveied. 1’he deduction is that copjiicing has not increased the 
amount of twist in the seedlings two seasons after the operation was 
made. Similarly of 26 such ])lants examined in t he field. 15 wen* straight 
fibred throughout (Fig. 25, No. 46), and 4 twisted throughout (No. 43). 
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wliilst in 4 cases the 2>seasou*old coppice shoot was more twisted (No. 34) 
than the C-season-old stem, the reverse (No. 45) being true for 3 eases : 
the same deduction is drawn. 

The evidence may be summarised to the effect that copi)icing does not 
apjiear to increase the percentage nor the intensity of the twist in a given 
seedling or batch of seedlings, but it may introduce* a change in the direc¬ 
tion of the fibres in the individual. Observations over a longer period 
are required to show whether the effect may be di‘layed or gradual and 
cumulative. 

(/) Other causes. 

Finally, it is necessary to mention briefly the rather different ease 
of the young Jierhueeous or woody shoot, sfill actively growing in 
length, which was studied long ago by IVl. Wjohura , De 
Vries®’, and many olliers since. Jt can be shewn that the twist 
found in a horizontal shoot bearing decussate leaves, bringing all the 
leaves into one jdane, is due to the twisting force of the weight of the 
leaves on the growing cells, and similarly in the case ol a jietioh* shewing 
twists under the influence of heliotropic or geoliopic stimuli, where 
curv^atun* w'ilhout twist might bi* e\]>(‘cfe(l to result, tlie un(‘(jual w^eight 
of the two lateral halves of the lamina is the activating force. 

6. Summary and Conclusions. 

SrMMARY. 

It is suggested tliat unidirectional spiral movi*!^ lit of t)ie jirotoplasm 
ill an elongated growing cell may give a iinidire(*tional spiral slruetiire to 
the cell wall resulting in a tendency to iiniflirectional axial inclination ja 
a cell, liable to be emphasised by sliding growth. Tliis latter t<*ndency 
may be normally corrected bv the tendency of the growling eambial cells 
to repeat the normal vertical orientation and so to resist the hack action 
on them by tin* sliding tracheids, but very little will be required to allow 
it to express itself. Wlien it is not so corri'cted, the degree of twist 
may increase indefinitely with time. It is further sugge.sted that sueli 
a weakening of the controlling forces may ta-ciir in all kinds of tree as a 
chance occurrence after the nature of a “ tliietuating variation, ’ but 
may for certain species in certain localities becorm* an inherited (*onfli- 
tion. 8uch an occurrence may be viewed as due to a mutation by “loss’* 
or as the fixation of an acquired charaxjter, selection by -man having 
been of considerable importance in the caSc of Pinus longifolid in Kumaon 
in increasing the proportion of twisted steins : the former view is preferred. 

It seems to be the general rule for trees, that in early life the direction 
of the .twist is L in conformance with that of the spirals in the protoxylem 
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elements, of the striation of the tracheids, and the spiralf of th^ Siy 
thickening. But later in life, at a time varying with the species, 
there is a change over to R; a comparable alteration in the 2ry 
and 3ry thickening of the tracheid walls has not so far been demonstrated. 
It is suggested that the protoplasm of the cells during their difEerentia-* 
lion may rotate in a similar direction, but this awaits demonstration. 

It has been seen that the belief is widespread that unfavourable 
conditions for the development of the root system is the most general 
predisposing factor in the occurrence of twisted fibre, and although this 
cannot be proved for seedlings, it is very possibly correct, due allowance 
being made for the effects of inheritance. For P. hngifolia, injury during 
youth has been believed to be largely responsible for the local prevalence 
of twist, but examination of seedlings has failed so far to substantiate 
this belief apart from the fact that it is not supported by the relative 
absence of twist in many areas equally exposed to seedling injury, and 
by its frequency in protected plantations. Tlie chief result of burning 
is to replace seedling growth by coppice ; insufficient data are available, 
but so far it has not proved possible to demonstrate that the act of 
coppicing causes any additional twisting. Burning also brings about 
an elimination of the weaker plants, and seedling examination appear 
to prove that this action tends to increase the proportion of twist in the 
surviving seedlings. 

Twisting is found to be especially intense at those parts of the axis 
where abnormal growth activity suggests that for whatever reason, there 
are local accumulations of food materials ; increased turgidity of the 
growing cells from tliis cause may be an important factor in initiating 
the twdst, and if the injury theory proves correct as more precise data 
become available, it will probably be found to act through this agency. 


(b) Practical Application. 

1. The demonstration that in C. Kumaon, seed from left-handed 
twisted trees, and from straight trees in a locality where twisted fibre 
is prevalent, give seedlings a high proportion of which after four seasons 
of growth exhibit twisted fibre even under optimum conditions of growth, 
combined with the field observation that twist is not eliminated betw^een 
the seedling and pole or mature tree stages, emphatically point to the 
necessity of avoiding the use of seed from such trees in all plantation and 
artificial regeneration work. The question of the casual twisted tree in 
an otherwise straight crop is a separate one, and in any case not one of 
great importance. Right-handed twist in Pinus longifolia is, at least 
as far as ordinary practice is eweemed, confined to trees of an age much 
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greater than will ever be adopted as the rotation age, and so is not to 
be considered a defect in a tree for seed collection. 

2. For the reason that in a locality where twist is prevalent, there 
are fewer twisted seedlings from seed from straight fibred trees as com¬ 
pared with the proportion obtained from those from twisted trees, in 
making regeneration markings in such forests, straight grained trees 
should be selected wherever possible as seed trees. 

3. Although the supposition that injury during youth is an important 
cause of twist, is still sitb judice, the facts are sufficient to justify all 
steps to prevent every kind of injury to the young plants especially from 
fire and trampling. 

4. It is possible mth. experience to recognise twisted fibre in young 
poles, and in view of the very large proportion of stems normally eliminat¬ 
ed in thinnings, it should be possible to remove the majority of the twisted 
stems as small poles in wliich the defect is of less importance. The 
maximum proportion of twisted stems found in 4-year-old seedlings is 
about 60%. A difficxilty is that the twisted stems will be found to 
include many of the dominant and most promising. 

5. Considerable further researcli is required into the occurrence 
and causes of twdsted fibre. As of special importance may be 
mentioned 

(i) The effect on the course of the fibres of restricting the circulation 

by girdling or banding. 

(ii) Tlic eficct of damage on straight fibred pi <ats. 

(iii) The later development of coppice shoots from straight and 

twisted stocks. 

(iv) The details of changes with age in twisted plants. 

(v) The relation between the direction of the striation of the Iracheid 

walls, of the tertiary spiral thickening where present, and of 

the twist of the fibres. 

(vi) The nature and extent of sliding growth in the differentiation 

of the tracheids. 

Of these, the first four are already under investigation for Pinus 
longifolia. 
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PART n.-~INVESTIGATIONS ON THE POSSIBLE INHERITANCE 
OF TWISTED HERE IN PINUS LONGIFOUA ROXB. 

i Introduction. 

In the first part of tliis jiaper, the general distribution of twisted 
fibre in longifolia has been described, and data are quoted there 

shewing that its jirevalenoe, especially in certain parts of Kuniaon, is a 
serious matter calling for close investigation directed towards finding 
means of eliminating or reducing the defect in existing and future crops. 

A line of enquiry which immediately suggests itself is the possibility 
that a tendency to produce twisted fibre is an inherent factor in the 
constitution of a plant shewing it, capable of being transmitted to 
any offspring produced. Schott^', Schotte*^^ Englkr^®, Cieslar^^, 
Kirnitz^®, and many others have investigated in a variety of 
species the problem of the inheritance of parental characters under 
changed enviromnental conditions, and the results and conclusions 
reached by them will be touched on below, but none appears to have 
paid sjiecial attention to this particular feature of twisted fibre*. The 
present writer has been investigating tlie problem since 1916, in which 
year preliminary field observations were made and data collected suggest¬ 
ing the lines which should be followed in experimental work. Sowings 
were made in 1917 in three walled enclosures totalling 2i acres in Mahar- 
pali (Fig. 26) and Khabdoli South (Fig. 27) reserves with seed of five 
different origins and seedlings have been examined annually up to 1923, 
i.c., till six growing seasons were completed, and the experiments are 
still ill progress. A fourth enclosure of 1 acre in Sarna Reserve was 
added m 1919, and a fifth in KaligacUi in 1920. All these enclosures 
except the last were unfortunately burnt during the incendiary outbreak 
of 1921, the data collected in tliat year having been taken mainly from 
the fire-injured plants. A further inspection of all sowings was made 
in' 1923, when data were collected from the coppice shoots which 
had come up since the fires, or from plants intentionally cut back. 
Various control sowings and experiments have also been carried out 
since 1920 at the Forest Research Institute. Dehra Dun, under the 
writer R direction. 


*SlfY^H^.^ «t4nU*<l Kom*' Miwingii <»f Pmu^ lotiyMia id Kumaon in 1910 

and 1912, but the only continued into the second season and no record 

kept of the resuUvs whieh^as far as they went, satisBed the investigator that the defect 
WM not tranamitted throtigh the >tewl. Tr »rp came to a converse eomlusion from the 
results of some verN small scale soninRs in Dehra Dun in 1912. 

r I 




tihai])H]i exjH'nmental Naiijit 4 il G fowinj^s ' 27 , Khalwloli S cx[>erirn(*ntal sowingrt after 0 Bcafl 

ti-veasouM old with hij^hly twisted natural jkiIc (rop Oscrinalure 7o*|« fibred crop in the back 

4(^ ycai- old in the l»tt< kgroiind. 
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2. Evidence of inheritance in existing crops. 

It is possible to make certain deductions from the observed distribu¬ 
tion of twisted fibre in standing crops. It is clear (r/. p. 8) that right- 
handed twist is a phenomenon accompanying overmaturity and so 
is confined to old crops, and it is to be found in most such crops irres¬ 
pective of special local conditions : the following remarks will accordingly 
deal with left-handed twist. 

The relative prevalence of twisted trees in the pine forests has been 
worked out a considerable detail for the whole area under chir in the 
Central Almora and Ranikhet Forest divisions. Trees with a twist of 
less than 7° in the convertible part of the bole* were not considered as 
twisted, and the percentage of such trees in each compartment or sub¬ 
compartment of not over 150 acres estimated by eye. For stock mapping 
purposes all areas with 30 per cent, or more such straight ” trees were 
considered as straight ” forests, and those with less than 30 per cent, 
as “ twisted forests. The map so obtained brings out very clearly 
what one may easily observe in a general way, /.c., the relative absence 
of twist in the areas more remote from the centres of population, and its 
increase up to 100 per cent, of the crop and to an extremely severe degree 
in the individual, near the older settlements. 

In Central Almora division (Champjon*^) in tlie vicinity of 
Almora town, 100 per cent, twist is almost the rule, and the average for 
the range including the town is 79 per cent. Someswar Range, along 
the Kosi River with a similar pressure of popuhtion has 72 per cent, 
whilst the remaining ranges successively more remote, shew 23 per cent., 
20 per cent, and 4 per cent, respectively. Every block of forest brings 
out the same generalisation, Airadeo, Khabdoli and Bhatkot East being 
good examples ; the outer fringe, especially any exposed tongue-like 
extension into the cultivation or common grazing land, shews a high 
percentage and a severe degree of twist, wnilst the more central parts 
are far less affected. 

It is thus clear that there is a close parallelism between the 
occurrence of twisted fibre in a crop and the pressure of popu¬ 
lation on the forest, and it is this parallelism which hae led most 
observers (Canning^®, Smythies®®, Truup^®) to assume a causa¬ 
tive connection, that the prevalence of twist must be due to damage 
to the trees as seedlings liy trampling, browsing, etc. There are however 
so many factors at work that such causative connection cannot be 
accepted witliout pi oof. It has also to be borne in mind that in these 
cases of severe twist, one is dealing not with single trees, but with whole 

♦Tli^ limit of 7 ^ ftdoptoH a** i1 vaM at ih%t Umm one of the epeoiHcationp in 
hiond ^auge aUiepeni. 
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crops, of density at least equal to the average of the “ straij^t ” crops, 
and the suggestion that the high percentage of twist is due to selective 
fellings among the straighter trees is in itself insufficient to cover the 
facts. It follows that these twisted crops have come up with their 
100 per cent, twisted stems, from the seedling stage, and that either the 
seedlings were twisted by inheritance from the parent stand or they 
have become so from the treatment received in youth (since there is 
nothing to suggest the defect is ordinarily acquired in later life). Many 
cases can be quoted (Tambadhaun, Pakhura) of a 100 per cent, twisted 
young crop with remains of an old 100 per cent, twisted parent stand, 
which are at first sight strongly suggestive of inheritance, but the old 
crop may have come up twisted under just those conditions of illtreat- 
ment predicated as the cause of the twist of the young crop. However, 
selective fellings of the straighter trees have imquestionably gone on for 
several tree generations in these areas, and the observed facts would be 
in full agreement with a theory that a tendency to twist is a character 
which can be passed on by inheritance, and that the selective treatment 
to which the forests have been exposed has resulted in an increase in 
the percentage of twisted stems in proportion to the severity of the 
selection and the ])eriod during which it has been exercised. 

Very frequently a fringe of young poles may be found round small 
clearings or cattle stations well within the “ straight areas relatively 
remote from the village® (Khnbdoli South). Selection fellings have 
here been neither severe nor ])rolonged enough to affect the percentage 
of twisted stems in the old crop, but the percentage in the young poles 
is always higher than in the old crop though never so high as in a 
real ** twisted ” area. The young crop may safely be assumed to have 
originated from the moat vigorous seedlings, and largely from coppice 
shoots from these, which have survived the annual fires owing to the 
presence of less grass and litter w'here grazing and trampling has been 
heaviest: a severe selection has thus taken place among the seedlings 
originating from the straight parent trees, and if twisted fibre tends to 
predominate in the most rcvsistant classes of seedling the result would 
agree with what is actually found even more closely than if it be assumed 
that the twist is the direct result of injury to the seedlings by trampling, 
etc., for in this case, an even higher percentage of twist would be 
expected than is found, at least in some examples. 

Thb Kausani Estate. 

An interesting case it that ol the Kausani Estate recorded by 
SuTTRiss and quoted by Tbottp^® p. 44. Here very heavy fellings 
in mature crops were made some fiO years ago, the only trees 
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being for the most part unfit for timber. The groups of poles which 
have come up over the area are often of good appearance, and are 
cited by.critics of the prevalent forest policy as examples of the possibility 
of getting good chir regeneration with annual burning and moderate 
grasung. Closer examination of the poles reveals however that a high 
percentage are twisted, say at least 50-60 per cent., whereas the 
parent crop would not have had more than 20 per cent. Grazing 
being relatively light, the cause must be either the firing—but these 
forests have aU been fired from time immemorial, and “ straight 
areas are to be found nevertheless—or inheritance from the selected 
inferior parent trees. 


The Almora Plantations. 

The plantations round Almora also contribute some information. 
There is no exact record as to the origin of the seed used, but it is very 
probable that the easily collected cones from low branching trees near 
the villages, which trees are almost all twisted, provided the greater part. 
These plantations have been walled and fenced and carefully protected 
from all forms of injury since their inception, and the boles of the trees 
are very generally as straight as one w^ould wish despite the extremely 
low quality of the locality in many parts. At first sight twist is absent 
and the injury theory substantiated, but examination of the thinningb 
after barking and a closer inspection of the standing crop (c/. Fig. 29) 
reveals the fact that in Baldhoti as much as 50 per cent, have quite definite¬ 
ly twisted fibre (over 7°). 

The following data were collected in September 1923. 

Oompt. 4, sown in 1892— 

(а) Of 36 poles, 4''-6^ diameter under bark, 6 were twisted over 10*, and 12 

more over 7®. 

(б) Of 12 fence posts, 4 were over 26*, 3 more over 10®, and 2 over 7^, only 3 

being less than 7®. 

(c) Of 4 dominant trees of 10^ diameter, one was twisted over 26®, and one 

over 7®. 

(d) Of 60 trees due for removal in thinnings, 46 per cent, were straight or 

nearly so, 28 per cent, under 7* twisted, 24 per cent, between 10® and 

26®, and 2 per cent, over 26®. 

Oompt. 3, sown in 1877— 

(o) Of 100 tall stumps of fire killed trees (c/. Fig. 29), 

4 per cent, were twisted over 26® 

10 per cent. 26® to 10® 

29per ©ent. 10® to 7® 

‘48 per oent. less than 7®, though many of these were definitely though 

but ilightly twisted. 
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Parts of Sitoli are better, but it is known that some at least of 
the seed came from areas (Danpur) fairly free from twist. At 
the same lime two additional points must be noted one being 
that on the whole the best grown groups on good soil tend to be less 
twistthan thoso on poorer soil, in which connection Braun's note may 
be quoted that Ks])ecially in PitH/s. I have convinced myself that 
S])ecimenH with short<‘r internodes usually shew n greater degree of 
torsion than those with longer ones " The other point contrasting with 
the first is that th<^ tallest and most vigorous ]'oles include many of the 
worst twisted. The case of the jdantations thus definitely supports 
the inheritnnc(‘ rather than the injury theory. 

Twist in natural sekdlinos and their parent crops. 

Over 8(M) forest seedlings of various ages and from various localities 
have been examined, as well as an additional fi50 from one of the plots 
used for sowings and *VJ7 standing and 301 felled 30-year poles on an¬ 
other j)lot. The examination for twist was qualitative rather than 
<|uantitative so that strict conqiarison with the results from the sowings 
described later is not ]K)ssible. but the data have an independent value 
and are tabulated on next page. (For the presen cojipiee shoots are 
excluded). 

These figuies do not r(*veal a close connection between the })ercentage 
of twist in the seedlings and their parent ciops, though there is a general 
relationshij); thus the average percentage for seedlings under crops 
with 50per cent, or more twist, is per cent., and for tho.se under les^ 
twisted overcro])s, only 15 ])er cent. It will be seem later that the lack 
of unifonuity of age is an important matter in this connection. It may 
also be noted that freijuently tlie ])ereentagc' of twist in the see<llings 
is higher than for the oV(»rcro]) where the* latter is lelatively free from 
twist (Nos. O-II). and conversely (Nos. 1.5-20. 22). A few vigorous 
seedlings growing on the loo>e soil formed hy the uprooting of a large 
tree, shew an unusuallv liigh ]»roportion of twist (No 3). Inferior soil 
c(5ndition8 (Nos 1, 1. 10, 10. 17 and 23) shew a high proportion of twist 
in the .seedlings, but exeept in No. 10 the overcrop is also bad. 

Examination of seedlings of various ages (|uickly reveals the fact 
that twisted fibre is only very rarely indeed apparent in those of only 
I .season's growth. In such plants, no single case of strong tMust has 
been found, twist above the cotyledons is ven’ exceptional, and only 
two or three cases have been noted (among several buudreds in all) 
of a definite twist in the hypocotyledonaiy region. Consectuently, 
1-t'ear-olds recognisalde as such have been excluded in the above table. 
Seedlings of two or more seasons' grow'tli however often shew twisted fibre. 
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“delayed action ” in the HJiialJ seedlingH raised iii a new locality, tbeyaooD disappear 
as the plants becjonie adapted to their new conditions, but DenGLIiB**, 
working in El>erswalde, Prussia, on about 300 21-ycar-old trees of each of five 
origins, found that the difference in height increment admittedly apparent in the 
early years does not fall off with lapse of time but may even increase. In a very 
detailed and earetul scries of experiments he shewed that the plants of northern 
origin f<‘ll behnicl the local form in sectional increment, in volume, and in leaf pro- 
<lu<*tion, and as crops, were slower in closing up having smaller erowns with less 
bram huood : the leafage was also thinner and the needles were shorter, whilst 
COUCH were produced at this age on 12-20 per cent, of the trees as compared with 
only I per (!cnt. for lh<‘ native variety. These differences commonly amount 
to /lO percent, of the average quantity in question. Huffbl’s contrary opinion 
just mentioned is based mainly on some plantations of 1823 from Riga and Alsace 
sc(wl, pronouiH'cd differences having been reeordod during their earlier growth 
Imt diHap|M*anng later, and the Riga ]>lants also not showing the expected tine and 
straiglil boles. Sowings at Belief on tainc after 50 years of growth, and others made 
by VxLMORiN in 1831:15 of the aljnne form, are stated to point the same way, 
as al.u) linally df) some more leeeiii eApe^riments continued over 10 years. 
KiknitzS^^ has made a very detailed study of the regional variation in the 
grown tree, and observed the growth of seedlings from 12 different localities, at 
(dioiin in Prussia over a p'*riod uf 15 years : the results fully confirm Denulkh’s. 

An iniportaut artieb* on this subject, in the form of an imposing 
mouogriii)h of 195 jiages with 12 plates, 25 figures, list of literature and 
many tables, was published by Dr. Knglek^^ of Zurich in 1913, the 
previous work being discussed and criticised and the author’s own 
cxperimenls described. No later publication of similar type has been 
trac’cd, so that this has been taken as representing the present position 
reached by reseaieh into the problem, and has been fre(‘ly drawn on 
liere. 

Kn<jlkk's investigatixnis on seedlings were carried out on a scale 
and with all tin* care lequired to give reliable results. Experiments 
were lepeated anything np to 9 times and tlH‘ie were parallel sets of 
ex|)emnents in elevmi localities, 2-300 measurements being usually taken 
to give a good averagt* lie lound that the difl’erenees bet^Yeen the 
seedlings of (lififcr(‘iit origin, already apparent in the first year, are 
continued up to at least tin* Oth >ear. DifTereiiees in the duration of 
the seasonal growth were esjiecially characteristic, as in his low level 
area (Adlisberg 670ni.), seedlings from low level parents continue growth 
some 3 weeks longer than those from alpine parents, the cumulative 
result being naturally conspicuously in favour of the plants of low level 
origin. The Engadiue form he found to differ from the typical 
alpine form in being more adaptable and doing much better than the 
latter w hen transferred to low levels. Kngler also records a vast amount 
of inlormaiion on cone and seed forms, winter coloration of needles, 
susceptibility to “ Schutte ” etc. The work of Somerville®®— using 
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seed received from Engler, in some small scale experiments in England 
confirmed some of these points. 

Picea excelsa, —Precisely similar results have been obtained from 
spruce, by Cieslar with 13-14 year-old plants of knowji origin, and 
Engler^* with 2, 4 and 5 year-old seedlings. An especially interest¬ 
ing result is one of Engler’s in the case of certain lowland trees 
which had been }>lanted high up. The seed of thest* trees sown in the 
lowlands gave seedlings which behaved ])henologically exactly like thosi* 
obtained directly from lowland trees. 

Larix ewfopera.--For larch, these two workers have obtained parallel 
results agreeing well inter se. Sc’ott-Elliot^* suggests that the 
better results obtained in Scotland with Tyrolese ratluT than 
Scottish seed may be due to iiieom])lete lipening of the Hee<l 
in Scotland w'here larch is not indigenous. Again, recorded results 
for oak, beech, sycamore and Pinus Laricio are also similar. Zon** 
records that differences inPseudotsiuja from 12 localities in growth habit 
frost ^esi^tlmce, etc., as tested at Eberswalde persisted i)i the 2-year 
old seedlings. 

Inheritance of Individ tad Peculiarities. A different point of view is 
that of Mayr*® (of Munich) who holds that the form of Pinus stflvesiris 
typical of high latitudes is a s])eeies tlistinet from that prevahuir in the 
south, and that tlierefore it is to be expe(*te«l to preserve* its (‘haraeteris- 
lies when grown outside* its natuial lange. Sorting out the data ht'aiing 
on tin* suf)ject of i!dieritanc<* of individual peculiarities, the work of 
ZKDERUArER^® at Mariabiunu is of h])eeial iiile’\st. He sowed seed 
of Midividual seed trees s(‘parately, noting the breadtli of (‘rown, 
height growth and dominance of each, and after (> years’ growth found 
that it is necessary to combine the results of several seed trees of similar 
habit to get any detiiiite results. (Note that nothing is known of the 
pollen-parent in any ease). If this is done, he found with 30 plants 
that the lieight growth of seedlings from broad erowmed is much mori* 
rapid than that of seedlings from dominated trees w’hieh are also niucli 
more susceptible to Peridermium attack than those from dominant 
trees.* 

Encoder also established some important points: he found at 
Adlisberg that seedlings from badly shaped marginal trees were 
indistinguishable from those from well developed tKies in the centre of 
the stand, and convers<*ly that seedlings from selected goDcI trees in a 
locality of lowr soil quality (Tiefenkastcl and Bonaduz) were much 
better than those from the })adly shaped trees. 

• IncidentflUy, Zi:i>Kitn\eKK fmnnl that Uu* ajjr of ihv nml ln‘c U'a>» of little 
iin{K)rtu]ioo, in which deciHioii Engler in in agreement him. 
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Touiocy** found that of 760 seedlings of Pinu$ JeffreyHxom 
twisted*fibred parents, some 3| per cent, shewed a well marked twist 
below the cotyledons, iw Me year (see below), 

Enqlsr draws the following conclusions from his own and pro* 
vious work. ** If the bad growth-form of the parent trees is caused by 
weather effects, or damage by man or animals, the defects are not 
passed on.” “ Stem form as such is not heritable in climatic races, but 
it is the physiological constitution of the tree derived from certain 
climatic factors which is transmitted.” ** From these facts it follows 
of necessity that inferior growth due to the soil can be passed on to the 
offspring,” whether this be considered as inheritance strictly speaking 
or only ” delayed action.”* 

4. Origin of seed used in the experiments. 

Ti/pes of seed used, —In the experimental sowings of Pintos longifolia 
seed now to be described, the seed used was mainly from trees of three 
types which could in actual practice be selected for exclusion from use 
or used exclusively if the results obtained should indicate such a course 
as necessary. These are :— 

(i) Seed from trees growing in a locality where twist is virtually 
absent—actually from the tertiary sandstones of Nainital 
division. 

(it) Seed from straight trees in a “ straight ” locality, t.e., in a locality 
which for Almora district is relatively free from twisted 
fibre having at least 60 per cent, of the trees straight. Col¬ 
lected in various forest blocks, mainly Khabdoli (parts) and 
Bhatkot West (parts). 

(hi) Seed from twisted trees in a ‘‘ twisted ” locality, the converse 
of (w), from a locality where 80 per cent, or more of the trees 
are twisted—mostly from Maharpali and Ukhallekh. 

In the case of (li) and (m) the exclusion in Indian forest practice of seed 
from the intermingled twisted and straight trees respectively, essential 
in experimental work, would admittedly not be practical but would be 
* unimportant. 

Further to complete the series, checking results, two other types 
were used on a smaller scale :— 

(%v) Seed from twisted trees in a ” straight” locality collected from 
the same crops as (n). 

(v) Seed from straight trees in a “twisted ” locality collected from 
the same crops as (nHt). 

*Kirvitx, **(1922, p. S7)MUiideri that it follows from the retults with the data 
lor whole sowings* that mdividnai peenhanties must be inherited and that it is waste of 
time to attempt to demonetrate It, he also quotes (loc. cU, p. 88) examplee in the forcet 
he eonetden e^iually oimolusim 
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It mHBt be remembered that this classification is based entirely on the 
carpellary parentage of the seed and overlooks entirely and inevitably 
the pollen parentage. For (t) the strain may be pure, generally speaking, 
whilst for (if) and (*n) the probabilities are 60 per cent, and 80 per cent, 
in favour of, and for {iv) and (v) 60 per cent, and 80 per cent, against 
similarity in the two parents. 

The Nainital seed has been supplied by the divisional forest officer on two 
oocasions from Mongoli and Okhaldhunga. Very good germination was obtained 
and the seedlings have done well. 

Practically all the rest of the seed for the original sowings was collected by the 
writer perscmally. It was extracted from the cones by sun heat only. Por the 
later sowings assistance was also obtained from attached and range officers, similar 
care being taken. Judging from the germination obtained, all seed used was of 
good quality. Although the bulk of the seed for {%%) —(v) was obtained from the 
two localities, Khabdoli South, and Mabarpali, where the experiments wore carried 
out, seed from other areas was also used in conformity with the plan of making only 
■uch distinctions as could be continued in practice. 


5. The esqjieriinental areiui« 


Experimental sowings have been made in five localities. 


Date. 

Seria) 

No. 

Locality. 

Underlying rock. 

Aspect, 

Alti¬ 

tude, 

Area In 
acres. 

Surroinid- 
ing crop. 








Per cent 
twiiiWd. 

1917 . 

1 

llahsrpall , 

Mica SchiHt . 

N.W. 


l 

100 

1017 . 

2 



N.W. 

6,000' 

i 

100 

1917 . 

3 

Khabdoli S. . 

.1 

B. . 

6,600' 

1 

6 

1919 . 

4 

Sarna 

Limestone 

E. 

4,000* 

1 

00 

1920 . 

6 

Kaligadh 2 . 

Mica ScliiHt . 

S.E. 

6,600' 

4 

6 

1920 . 

0 

Dehra Dud 

Alluvium 

Flat. 

2,600' 




Nos. 1 and 2 were intended to check against each other, the sowings 
being under identical conditions, thus Nainital seed was sown in plot 
N of No. 1, and 6 of No. 2. No. 2 (Fig. 26) is the half acre from which a 
dense young pole crop was cleared and examined. The locality was 
selected as one where conditions appear very favourable to tree growth, 
but which carries an intensely twisted old overcrop giving e<jually twisted 
regeneration—it is thus a “ twistedJocality. No. 3 Khabdoli 8. 
(Fig. 27) was chosen to resemble No. 1 as closely as possible in all physi¬ 
cal factors, but situated in a straight'' locality. No. 4 was added 
later to include a different type of soil and subsoil; conditions are favour- 
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able to tree growth as seen in fine height growth of the old trees, but the 
crop only just gets into the “ straight ” class. The Ranikhet area 
(Kaligadh 2) was added in 1920 primarily for carrying out some special 
experiments at a convenient centre. Control sowings have also been 
made by the Sylviculturist at Dehra Dun but owing to conditions being 
unfavourable to chir seedlings, very few have survived. Nos. 1 and 3 
are the most important with complete sowings in 1917 whilst the Mahar- 
pali plots, where a larger number of seedlings has been available, have 
provided material for the many subsidiary experiments. 

8o^^ingH in the Mabarpali plots were made by the writer personally, whilst in 
Khabdoh anfl Sarna, this was done by Pt. Bhawani Datt Pant from whom consi¬ 
derable rainable aid was received. The sowings were made at the commencement 
of the rains in i)ref)arod strips 5' long running along the contours No weeding or 
tiansplanting has been done, hut the grass has been cut annually. The plantations 
were wailed to exclude grazing animals with the exception of Sama, which could 
only bo wire feiiei'd and so not very effeotively protected. From the commencement 
of the HovvingH, every seedling suspected of chance introduction from the surrounding 
forest has been at once uprooted -only in the first year was there any danger of 
error from this source and even then it was inconsiderable. Periodic inspections 
Jiavc been made, in which help has been given by Mr. W. F. Coombs (as also in 
seod-eollection), apart from making measurements the whole of which has been 
done by the writer. 

It may lie noted here that owing to the much larger quantity available, the 
Nainital seed was sown much more densely than the othoi lots. In this case only 
was tlierc any marked degree of competition between the seedlings for light and 
space. 

In selecting seedlings for removal and examination, special care was 
taken to avoid any kind of selection of the n)ore vigorous or of the in¬ 
ferior ]>lantH, except where the converse is expressly stated. 

9 , The examination of the seedlings and the record of results. 

Tj<K SKFDlJNt.. 

Troup in his monograph on this species, gives excellent descri])tions 
and illustrations of tin* seedling at dififeient stages of its dovelopement 
and only a few addidonil remarks are required (c/. Fig. 20). The 
1-season-old seeding when (juite fresh is readily stri])ped of its bark for 
examination, the couise of the fibre being easily seen, as lines of paler 
coloured elements em| lasise it. At the insertion of the cotyledons 
there is a slight swelling of the woody axis, the vascular bundle 
of ea4*h cotyledon btung often distinguishable. About to 1/20'^ 

above this swellino a whojl of buds is usually conspicuous, buds 
which often remain dornumt but which are of great value to the 
pmnt in case of injury to the leader: they are also commonly 
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developed without such injury when the soil is shallow or conditions 
are otherwise bad. The hypocofcyledonary region is clearly dehned 
being above ground and devoid of side roots or leaves: at this stage 
it is usually found to be flaking ofi a few thin and long strips of 
bark. If the seedlings are allowed to get dry, it becomes very difficult 
to peel off the bark clean as required for ready examination. 

Iirthe second and following seasons, the same features can be traced, 
but the swelling marking where the cotyledons were inserted becomes 
less and less definite till it is finally lost. The cortex of the hypocotyl 
and the adjoining lower part of the stem [ for about an equal length in 
the 2-3 season old plant, cf. Fig. 20(2)] often grows very rapidly forming 
a carrot like expansion of soft juicy tissue, green in colour and soon 
beginning to flake off barky scales. When the plant has reached a height 
of IJ' or more, a sharply defined carrot is usually lost, as it becomes 
tapered off upwards. The woody axis is very uniformly cylindrical 
and shews no trace of additional growth beneath the carroty 
cortex when this is present. The carrot also has its biological significance 
in protecting the life of the seedling especially against fire, forming an 
insulating covering over the dormant buds in the axils of the juviuule 
leaves. The bark is easily peeled off clean with the finger nail after a 
strip has been removed a long one side with a knife. 


Method of Examination. 

The seedlings to be examined were carefully uprooted by hand with 
the root system as complete as possible, shakenfree of earth and measured 
m partly before and partly after removal of the cortical tissues 
‘ For every seedling of the main series the following data were. 


recorded :— ^ . 

1. Height above ground in inches. 

2. Vigour in 5 classes, (very vigorous : vigorous : normal: wwik : 

very weak). / ^ j* x 

3. Length of root in inches (excluding part under ]/2(r diam.) 

4 ! Condition of root system in 5 classes (straight, nearly straight, 
crooked, digitate or forked). ,, , , , ,, 

5 Condition of lateral shoots in 4 classes (nil, small, bushy, dead . 
6. Branching in .3 classes (normal unbranched : two leaders ; \^itli 


whorled branches). 

7. Development of foliage in 4 classes. , , u, 

(Juvenile, Juvenile+few adult, Juvenile+many adult, adult) 

8. Degree of carrot formation in 8 classes. 

(Very strong, strong, moderate, slight, nil). 

9 Diameter over all at insertion of cotyledons. 
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10. Diameter of woody axis at insertion of cotyledons. 

11. Degree of twist in four sections of the woody axis. 

(a) Upper stem—for 10 diameters above (6). 

(b) Base of stem—for 3 diameters above insertion of the coty¬ 

ledons. 

(c) Hypocotyl —the one inch length below the insertion of the 

cotyledons. 

(d) Hoot - -the portion I"'—S'" below the insertion of the 

cotyldons. 

In 1917, the degree of twist was estimated by eye only in 4 classes— 
nil (=!rttraight), slight (J), twisted (t), strongly twisted (2t). It was 
then considered better to standardise these measurjements and a sample 
lot sorted by eye were found to have the following angular inclination 
of the tracheids :— 

8=^0 -5^ 

- 15710 " 
t=*15" - 25720 " 

2t =*over 25" 

A seedling recorded as s | t J is accordingly one with upper stem 
straight, lower stcju slightly twisted, hypocotyl twisted and root slightly 
twisted. 

In subsequent years, each seedling was chocked against a specially 
made scale with these divisions. Reference to Fig. 28 will elucidate 
this matter. 

With four twist classes in four sections of the axis, 04 combinations 
are possil)le apart from the theoretical possibility of additional combi¬ 
nations up to a total of 2101 with the corresponding three degrees of 
negative or right-handed twist. To simplify this, right handed twist 
is better overlooked and this has been done in preference to the possible 
alternatives of cancelling it against an equivalent of left handed twist, 
or of entirely excluding affected seedlings : it has already been noted that 
the 2-seas()n-old plants showed no right lianded twist. This matter 
is furth(‘r discussed on p, 57. The possible 64 combinations, a consider¬ 
able proportion of which have been actually found (a selection being 
shown in Fig. 28),liave further been grouped together into 6 classes as 
follows: — 

Al or 4 S (0) . . , , B8B8 only. (No. 16). 

A2or3H. (J) .... 88^), 8^88, (cf. Ko. 11), 

B. or 28 (21 . . . . all ssxx (No. 8) except those included in A, 

and including and ^|s8. (No. 20). 

Cora) (4). . . , . all 8^xx and )|xx except those included B or K. 

D or St (6).all »t xx (Not. 10, 16), |t xx (Noa. 7, 9) and 

ttxx, (Not, 6, 19,21) except those included 
in E. 
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28. C-D. Sample two-season-old seedlings from the Maharpali experimental sowings, shewing 
Tariations in the course of the fibres and allotment to the several twist “classes *, For 
explanation tee text, p. 46. 

9 t, s, s. 17 ■•t* ® 19 1 92 R/2- R. R- ■ 

10 s. ts. • 12 s.s.2tt 20 23 R. R. R.s 

16 i.t.t. i 18 t. 2t.t.l 21 1 24 s.it/2. Rs 
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E ors2t (8) .... all with 2t in any pait. (Noh. 4, (i, 18) 

Factorial representation of twist. 

It has also been considered helpful to express numerically the average 
twist in a given lot of seedlings. To do this, arbitrary values have been 
assigned to each of the sir classes as shewn in brackets in the table 
above. It makes no difference io the comparative results if the strict 
sequence of numbers 0. 1, 2. 3, 4, 5 is taken, but the enhanced figures for 
the later classes is considered to express more clearly the greater 
significance of the extension of the rwist to the stem itself, and the wider 
angular range of each successively higher grade of twist. For coppice 
shoots, a modification is adopted in that cuttings from Al, A2, 
and B are all 2s, and must be valued at 0, so E is increased to 12, C is 
subdivided to s. J=2, and ^=4, whilst D is divided into Dl or s. t = 
4, D2, or t.=6, and D3 or L t. ~8. 

The following figures are from Maharpaliand Khabdoli only except 
where the contrary is expressly stated, as only one set of measurements 
has been made in Sarna (in 1923), and none in Kanikhet. 

It has been accepted as a standard that for a trustworthy average, at least 
100 seedlings should be examined, and wherever possible a large number. In a few 
cases 100 seedlings were not available, whilst in others many turns this number 
were examined, e. g., m 1917, in Maharpah 400 Nainital seedlings from Plot N. 
and 550 from Plot G. 

7, Statistical Investigation. 

In 1919, with the 2-sea8on-old plants, tho data were analysed in con¬ 
siderable detail with the object of detecting possible errors which might 
destroy the value of deductions made from the measuiements or obscure 
the results. Further similar analyses were made in 1920 and JI 21 (hiefly 
for purposes of check. Thus it was thought possible that (i) the average 
vigmfy (ii) root development, (iii) injury to the intern and (iv) degree of carrot 
formation, might all have this effect. It has been seen above with foiest 
seedlings, that (v) the age of the seedling is of imiiortance, and it was 
al$o important to find out (vi) what range of variation was to be expected 
with experiments repeated under similar conditions, as for the Nainital 
seed in plots N. and 6. of Maharpali. 

(i) Influence of general vigour. 

Every set of data which has been thus analysed indicates that the 
d^ree of vigour has a definite relation to the degree of twist, i,e., the 
more vigorous the seedling, the more likelihood there is of*' its being 
twisted. The following sample sets of figures will demonEfcrate this 
point: for the 1919 series, the 5 vigour classes have been condensed to 
three, wlulst in the 1921 series the two subnormal classes are omitted. 

[ W ] 



’mR CLASS AHD rACfOK 


18 


Indian Forest RecorJU. 


[VOL. XI, 




Part II] 


Champion : Tvnsted Fibre in Chir. 


49 


It is seen that there is generally a difference of a whole twist grade 
between weak and normal seedlings and again between the noimal and 
the vigorous ones, although as might perhaps be expected, this may not 
be apparent in a lot almost free from twist (series 3). Tins introdiuis 
a complication which can only be completely circumvented by using only 
equal proportions of the several vigour classes when comparing two lots 
of seedlings, or by making comparisons only between the same \ig<uii 
classes. As the closest practical approximation to one of these coui.^es, 
all seedlings of subnormal vigour have been omitted and only the noin cl 
and vigorous plants used, i.e., those which in the forest miglit be e\' 
pected to survive to reach the tree stage. 

(ii) Influence of Root Decelopment, 


The 950 Nainital seedlings examined after 2 growing seasons at 
Maharpali, on analysis for the effect of root development on the occurrence 
of twisted fibre, give the following result 


Boot group. 

Number of 
peedhoKS 

Stn-vight 

throughout 

Tuvistid !m 
low (olvU- 
dons onlv 

•flight twist 
(0- 

t\Jedoiui. 

PrononiKMl 
twist alK)\c 

1 cotyledons. 

Average 
twist on 
factors 



A1 -I-A2 

n 

1 1 

1 D-410 





PBRCENTAGB8. 



Normal 

6(M) 

60 

15 

8 

8 

V\ 

Slightly crooked 


73 

n 

e 

H 

J 0 

Crooked , 

1 126 

75 

12 

A 1 

5 

0 0 

Digitate . 

! 4r> 

67 1 

15 

0 

0 

1 2 

ALL 

050 

i 

15 

« 1 

! 7 



The variations between the different classes are absolutely negligible, 
the average twist, on the factorial method falling in each case very close 
to the value of TO taken for the A2 group. The deduction seems ac¬ 
cordingly quite safe that for these young plants, root development is 
unimportant in this connection. 

(iii) Influence of Injury to the Stem, 

No connection has been traced between accidental injuries to the 
stem and the development of twist, though the data are at present in¬ 
sufficient to establish the point firmly. Out of 42 2-season-old plants 
recorded as having received injuries of various foims to the stem, 65 per 
cent, fall into the A1 and A2 classes. 12 per cent, into B, and 23 per cent, 
into the more twisted classes, as compared with 71 per cent., 17 per 
cent, and 12 per cent, for the whole number of seedlings including these 
injured ones. Again out of 39 seedlings broken by snow at the end of 
Aeir first-growth season, 72 per cent, were found after the second season 
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to fall into the A1 and A2 claBsea as compared with the normal 71 per cent. 
Further data on t;,his important point are being collected, some being 
described in the following paragraphs, but in discussing the results ob¬ 
tained from these sowings, it seems fair to assume that injuries to the stem 
may be left out of account: actually injured stems are here so few as 
to be of no importance in any ease. 

A special set of experiments to investigate the effect of partial girdling 
of various types on the direction of the fibres was initiated at Ranikhet 
and Dehra Dun in 1921. 

A 8 on< 2 B of young pole* were tightly bound with wire at a height of T 9' from the 
ground, and a goeond gerios had a 6^ atrip of bark removed from each side of the stem 
at a similar height, in such a way as to leave one quarter of the total circumference 
intact in two strips symnietrirally placed, one on each side of the stem. Data 
have not yet been collected from those trees. 

Secondly, seedlings were grown through holes in a perforated iron 
sheet for examination after they had developed to a size at which the 
holes were too small to allow of noimal girth growth ; the Ranikhet 
experiment was a failure, but as a result of special care, plenty of seedlings 
wore obtained at Dehra Dun, and examined at the end of the third season 
in 1923, examyiles lieing illustrated in Fig. 30. 113 seedlings were so 

examined, of which 56 (Set A) shew^ed pronounced expansion of the woody 
tissues (as w'cll as the cortical) above the hole ; 28 (Set B) had a definite 
oonstrietjon of the w’ood at the hole, but no specially marked swelling 
above it, whilst the renuiining 28 (Set C) shewed little or no swelling or 
constriction, though not a few had minor injuries at the point of contact. 
The seedlings being close together and kept in a rather shady spot, were 
all rather drawn up, unbraiiched, and with few or no adult needles, but 
the majority were quite vigorous in appearance. Root development 
was generally poor, and the experiment could not be carried on largely 
on this account. 

The results, illustrated by Fig. 30, were somewhat unexpected 
and are summarised as follows : 
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Plate XIII. 





29. A '^tuInp of a -l.'j-yoarMild tree in Raldlinti IMiintntion, C, 9, sliewlntr intejise left-liiimleil 
twiRt (leereasing upwards. Note the well-shaped poles of the crop in the hnekground. 


AI8 AIT) AftO A20 1180 1574 CIO 



L 


30. l^artially girdled 3«seaiiou«old seedlinga grown at I>ehra Dun throngh n perforated iron plate. 
A13 Intense R in swelling, “s” above cotyledons. 

A15 Strdng asymmetric B and folding in swelling t above cotyledons^ 

A50 Strong **t** in swelling: ‘-t” above the cotyledonsa 

A29 ‘V' throughout except for symmetrical deflection round the sides of the combial injury. 
B30 R and L twist symmetrical to the vertual axir throngh the poiitigkf least swelling 
B74 Straight fibred throughout. 

CIO BtsaigBt throighont. 
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The girdling thus undoubtedly causes twist and often to an intense 
degree. For Set C, where girdling has hardly commenced, only 21 
per cent, of the plants shew appreciable twist (all L), whilst for Set B 
the figure becomes 46 per cent., and in Set A, only 21 per cent, aae free 
from twist the twist being now equally R and L, and far greater in 
intensity. The striking feature is this development of a high frequency 
and intensity of R twist. The proportions of R and L are what w^ould 
be expected with an equal tendency to develop twist in either direction, 
and are paralleled in no other set of experiments here described. It 
is however to be kept in mind that the swelling and accompanying twist 
in the fibres is here confined to the hypocotyledonary region which has 
already been seen to be, and v ould theoretically be expected to be the 
region most inclined to abnormality and irregularity in this respect. 
In no case could the induced twist be said to have extended above the 
insertion of the cotyledons, though nearly two complete revolutions as 
a maximum occurred below them in some cases. The experiment re¬ 
quires repetition and continuation for a longer period to be conclusive. 
A further observation concerning the effect of injury to the stem was 
made on these plants. Contact with the edges of the hole had in not a 
few cases killed the cambium over an area of varying size. Where 
callus formation has set in, it was found that as a rule the new fibres weie 
merely displaced roughly equally to the riglit and left round the edges 
of the w^ound, pi esenting an appearance as though with the closure of. 
the latter no diHjilacement would remain visible. Where however the 
wound was extensive enough to cause a swelling of the tissues above by 
partial girdling, ^he effect on the direction of ihe fibres was similar to that 
caused by the other form of girdling. 

(iv) Influence of Degree of Vanol Formation, 

The appearances connected with the development in the seedling 
of a carroty base arc decidedly confusing. Its maximum develojiment, 
i, e., with the greatest ratio of diameter to length of the sw'elling, is found 
in seedlings of rather poor appearance whose growth vigour seems to 
have been diverted from the main stem to lateral branches originating 
from the dormant buds close above the cotyledons. It is however 
also commonly a feature of the most vigorous seedlings of a healthy 
sowing, being less developed in those individuals which stand too close 
together or are being overtopped by stronger neighbours. It is suggested 
that the immediate causes of these two maxima must be different, 
but that there must be a common ultimate cause. In Part I, page 18, 
it is further suggested that local accumulation of food materials may be 
this ultimate cause. 
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Examining the results of classifying the twist grades for each of the 
five carrot classes separately in a given lot of seedlings, it is found that 
stronger carrot cleveloj)iuent is unquestionably accompanied by a higher 
average twist. The best example is taken from the 262 two-year-olds 
examined from seedlings of all origins in Khabdoli. The percent¬ 
ages of Al and A2 seedlings for the Huceessive carrot grades beginning 
with the strongest are 13, 27, 37, 49 and 64- -approximating closely 
successive multiples of 12. The actual figures for the four largest sets 
of seedlingK are : 


Avkraok Twist fob bach ('abbot gbadb. 


Scrias. 

1 

j Origin of Hin) 

NMiiilnr ■ 
of hccd- 
Hng**. 

nil 

i 

sllRbt. 

inodi'rato 

1 strong 

VM7 
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1 
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0*2 
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0-8 

2*8 

2-4 

2 
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400 

01 

08 

1-4 

1 1’8 

1-9 

3 

StraiRlit ; Straiitlit Trow . 

« 2 « 
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( 1'8 

20 

2-1 

4 


36 :. 

1-2 

2-4 

n 9 

4*3 

4-8 


Avukaor . 

1 

0 *:. 

1-4 

2>0 j 

2 7 

3-8 


As the classification into carrot grades is purely ocular, the regularity 
of these figures is as marked as could be expected and there can be no 
doubt as to the general tendency. This conclusion is perhaps even 
better brought out in another way by condensing the carrot groups 
into two, the two lesser and the three greater. This is done in the 
following table : - 
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It la seen that in only one out of the 20 double entries, do set dlin^F 
with strong carrot shew less twist than <hose with Veak eariot de\ elo])- 
ment, and that the diflerenceis very pronounced in all the remaining 1 
In each set the average twist for the seedlings m ith well de^ elo])etl e.n rot 
is a grade higher than for those W’ithont it. From these tigureN it is clear 
that any connection which miglit be traced between the develo])nient of 
twisted fibre and the origin of the seed must, be re-examined with legard 
to the possibility that a lot of seedlings with higher twist d<‘^eloJ)mcnt 
may not be simply a lot with u high projioition of cairoty ])lants. 
If twisted fibre cau,si\s canot development a hypothesis which (ould 
justifiedly be based on the data just presented the* connection lrac(‘d 
would naturally still stand, lint this hv])othesi.s w'ould first leejuire ])ioof 
and so it is preferable to work up the data after eliminating as iar as may 
be, this possible source of error. Fxoliision of one only of the carrot 
grades cannot be iiistified, so it wmuld ap])ear best to use at bust a])proxi- 
mately the same proportions of the several grades in each set of seedlings. 
Actually it is found that in the five sets already referred to in this section, 
the percentages of the totals examined, for which a gieater degr<‘e of 
carrot is recorded are Nainital N. per cent. : Nainital i», 01 jier 
cent. : Straight locality, straight trees, 02 ])er ( cnt.: Twisted locality, 
twisted trees, 65 jier cent.; and Khahdoli (all) 6(1 ))er cent. After the 
elimination of the seedlings of siihnonnal vigour, these figuies become 
51 per cent., 66 jier cent., 73 per cent , 74 ])er cent, and (>3 jier cent, 
respectively, and are sufficiently similar to exclude the introduction of 
any serious eiror on this ac<*aunt, 

A very inteTeHting Hct of figures was obtained foi 100 natuial hiedliiigK growing 
at Mongol!, in NainilaldniHion, under the trees whieh supplied most of the Nainital 
seed used in the expcruncuts. The peneiitage of A, B, and 1) iwistc d seedlings 
was found to be 1)0, 7, 2, I. From the Maharjiali sowings, Nainital N jilot, 70, 
10, 7, 4 would be expected, but if a cahulation is made dcahng with each canot 
class separately and totalling them in the same proportions as thc‘y wi re found in 
the natural seedlings, the percentages become 87, 7, 4, 2 in striking agreement witli 
the figures actually found. 


(v) The Age of the Seedlingft. 

Investigations on forest seedlings brought out clearly for them tliat 
the amount of twist increases with the age of the plant, being nil in the 
first growth season, appearing abruptly in the second, and thereafter 
becoming gradually greater. The following table compiled from the 
sowings in Maharpali, shews the results there obtained with 2-3-4 and 
([^season old plants (weak plants being excluded). 

[ 63 ] 



54 


Indian Forest Records. 


[VOL. XI, 


Sorlw. 

Origlo of >cd. 

Age 

yn. 

Number of 
Seedlinp. 

Percentage 
A1 plante. 

Peroentage 
of C. DAB 
plants. 

Average 

Twbt. 

1 

NainKa) (J. . . . 

2 

490 

60 


M-A2 



4 

1.50 

01 

2 

0-2.-A1 

2 

NaiuHni N. . . . 

2 

251 

50 

17 

1-8-A2 



3 

278 

82 

5 

0-5-A1+ 



4 

122 

89 

6 

0-8>=Al 

8 

Straight Locality 

2 

520 

41 

24 

1*9«D 


StralKhi Bred . 

4 

122 

77 

15 

1-0«=A2 



0 

28 

86 

11 

0-7-A2— 

4 

straight Locality 

2 

96 

38 

88 

2-8-Bf 


TwlHtrd Seed 

4 

97 

47 

47 

2-5=JH 

6 

TwlMted Locality 

2 

11.3 

20 

50 

2-3« C— 


Straight Heed . 

4 

06 

54 

24 

18=*B 

6 

Twlntcd J.ocality 

2 

315 

16 

58 

3'9i^ C 


Twl«t*-d H«H*d 

4 

151 

40 

1 50 




a 

24 

16 

{ 

4*1 c-0 


It ifl at once seen that these figures do not bear out those collected 
from the forest seedlings. During their development from the 2nd to 
4th seasons the percentage of A1 seedlings has every>vhere increased 
very considerably-usually to more hhan IJ times the original figure— 
and the average degree of twist has improved into the next better class 
in each case. The 6-year-old plants are too few in number to give 
any conclusive results, but such as they are, they shew a still further 
increase of A1 for seed of straight origin, but a return to the 2-year 
figures for those of twisted origin. For the present these data can only 
be taken as a further indication that to be comparable inter se, seedlings 
must be examined at the same age. It may be noted as a possible hint 
at the reason, that these sowings have been carefully protected from 
all forms of injury (excluding the 6-year-old plants) and as mentioned 
on page 38, the one set of forest seedlings giving a somewhat compar¬ 
able result is also the only one which had not come up under heavy 
grazing. 

Before leaving this topic, two possible explanations and objections 
must be mentioned. Firstly in the case of the forest seedlings, the age 
q{ the more vigorous seedlings (which, as wc have seeh, will be the mos^ 
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twisted at any fixed age) will probably have been ovorestiiuated—this 
is undoubtedly the case, but hardly in sufficient degree to account for the 
data quoted; further, one might suppose that the real connection is 
between twist and the development stage reached by the seedling at the 
time of examination and not its actual age, but as it is very difficult to 
devise a really suitable scale of such stages, this 8U])position must ])e left 
over for the present. The second matter is referred to in Part 1, p. 27, 
and is that the natural seedlings are only the survivors of a severe selective 
elimination which has hardly touched the artificial sowings. 

(vi) Hinge of Variation. 

The two sowings of Nainital seed in plots N and (» ot Maharpuh w^cre 
made in order to give indications of the range of variation to be ex¬ 
pected, and the results after 2 and 4 seasons are given as well as the 
figures for 2-season-old coppice shoots from the 4-season-old stocks. 

The following table brings together the results after elimination of 
weak seedlings and shoots. 


Plot. 

Atfe 

Number 
of 8«vd- 


IN rocutage in eai h t wint tlaMn 


1 ... 



c * 

A1 

A2 

n 

( 

1 ^ 


j Avuiago xwiMt. 

N . 

2 

251 

5b 

19 

u 

JO 

1 0 

^ ' i 

1 a 

A2 

G . 

2 

490 

60 

12 

15 

6 

1 

! " 

1 I 

1 

J 1 

AS 

^ . 


122 

89 

J 

1 

•* 1 


o 

0 j 

0 a 

Al 

0 

4 

159 

91 

0 

1 1 


] 

" 1 

02 

A1 

N 

1 

2 

(popplcf) 

m 


9a 


'■ 

2 

1 

0 

0 26 

Al 

0 . I 

i 

2 

(copi»Jce) 

97 


90 


Id 

0 

0 

0 2J 

Al 


The agreement throughout is better than would be expected, espe¬ 
cially as regards the average twist, and indicates that the method 
adopted is sufficiently accurate for the object in view. It has already 
been mentioned, and is repeatedly brought out in the calculations 
made, that small numbers of seedlings cannot and do not give 
reliable percentages. 


(vii) Miscellaneous, 

Under forest conditions, there are still further factors influencing the 
growth of the seedlings, whose efiectmay be of unportance especially 
in the struggle with competing grass and other v^etation. Height 
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growth is such a &ctor, and the Ehabdoli data for 262 twO'Season'Old 
seedlings of all origins have been analysed. 

The result is shewn in the following table :— 


Height Claas. 

Percentage of seedlings in the 
Twist ciasses. 

Average Twist by 
factors. 

nr or IcHH 

A1 A2 B. 

78 

C. 1). E. 

22 

170 

itrtoir .... 

01 

30 

2-8i 

Over 

42 

58 

4-32 


It caji be shewn numerically with the same data that good height 
growtli on the average, iiiqilies a high degree of general vigour and of 
carrot development, and it is not considered necessary to introduce 
flirth(*r compluations to correct for this tendency also. 

The effects of coppicing have b(‘en considered in Part 1, (pp. 26-27), 
and will not be further discussed in this contiibution. The effects of 
over crowding iiml of intense com pel it ion with grass or weeds are probably 
similar ; they lia\(* been the subject of a special set of experiments, but 
too few seealings were obtained to yield (‘onclusive results. It may first 
lie noted that siuci* both iiifliienees result in reduced carrot development, 
they would lx* exjiected to result also in a reduced average twist compared 
with seedlings of the same age not subject to them. The same consider¬ 
ations hold for the ]) 08 sible iufluenc*e of strong overhead shade. At 
the same time, it has to be borne in mind that in all these cases, it is 
always jioasible that it may only be a matter of a delay in the time of 
appc^irance rather than a diminution in the total final amount of twist. 

The ex])eriments in Kumaon were abruptly ended by the incend- 
larv fires which swept over the ])lantations. The data collected in Kaunli 
(iaiden at Delini Dun at the end of 4 growing seasons are as follows. 
The unweeded plots carried a very dense growth of grass, and the seedlings 
weve abuiist all unbranclied ; it is recorded that a considerable percentage 
of I lx* seedlings originalh present were killed out by this weed growth. 
The se(‘dliiius of Plots 1, 9 and II Were tram])led* under foot at the 
hegimung of the s(*cond growing season : Uiey and the plants of the 
other weeded plots were he«illliy and vigorous, though a tendency to 
low brunehing wntb resultanf bushy grow’ih form was decidedly notice- 
alile. Plots 6, Iff and 15 were laid out for an investigation into the 

* Tho SyhicuUiinst cannot ah«K>I«tel\ gnaraiUtH'that IWh wa« <h»nc m accoidance 
with the prpHcnptiou. It i« bt'lievod it was done, and m ai\v ease the fujures aie cf 
iutoresl asa contml. 
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effects of growing with overhead shade, but abuost all the becdliugs died 
in the first year. 









68 


Indian Parest Records. 


i VOL, 


or excluding the A2 class for both R and L twist, only 12 per cent. 
Detailed examination shows that exclusion or cancellation of R^twis^ 
does not affect the qualitative results and so the course mentioned on 
p. 46 is adopted. 


8 . Statistics Concerning Inheritance* 

In the foregoing paragraphs, certain factors have been considered 
which might vitiate the results of the examination of the seedlings of 
known origin, in so far as these are to fonn the basis of deductions as 
to the possible inheritance of twisted fibre. The following points 
have been established in this connection. 

(i) Seedlings of less than average vigour should be excluded. 

(ii) Minor injuries to the stem are unimportant. 

(iii) The absence of a straight unbranched taproot is unim^ 

portant. 

(iv) It is advisiible to use the ‘‘ carrot ’’grades in equal proportions 

in each 8(‘t as a connection exists between “ carrot ” forma¬ 
tion and twist; such equality already exists to a sufficient 
degree in the field data. 

(v) It is essential that the seedlings comjiared are of the same 

(vi) Provided a sufficiency of seedlings is used, results of parallel 

experiments agree well inter se : with 100 seedlings, the 
percentages should not vary more than about 5 per cent, 
on either side of the mean. 

(vii) Variations in other factors such as height, density, etc., are 

sufficiently allowed for under the adjustments for vigour 
and carrot formation with which they are connected. 

(viii) It is probably best to ignore a right-handed twist, counting 
the affected seedling as straight. 

Dealt with in this way, the field data may be presented in tabular 
form, separately for the ‘i-season and the 4-wSe.a8on-old seedlings and 2- 
season-old coppice shoots of fi-season-old plants, figures from the Khab- 
doli (K. S.) sowings being in every case entered next to those for the 
]>arallel sowing in Maharpali (M) : it need only be noted that since the 
numbers dealt with in the latter place were much higher, the percentage 
results should be more reliable than for Khabdoli. The figures from 
Sarna are omitted as being based on relatively small numbers of plants, 
but they are in close agreement with those from the two localities given. 
The figures from Dehra Dun for 4-season-old seedlings are given on 
p, 67 and may be compared with those in the following table. 

[ «8 ] 



Part II.] 


Champion : 


Twitted Fibre in Chit. 69 



I 69 1 







r 70 ] 


iron.— SetiM 4, bfli«d on 12 toedlings only, to IndudeO for inke of comptotencn; it to of nliiimnni 









62 


Indian Forest Records, 


t VOL. XI, 


From the first two tables, it can be seen that the average twist as 
determined by the factorial method, is very similar in every case for 
seedlings of the same origin whether raised in Khabdoli or Mahaipali: 
the agreement in the individual twist grades is also usually good con¬ 
sidering the conditions of the investigation, and far outweighs the 
occasional discrepancies. For the 2-year seedlings the average for all 
five series is 2*62 in Maharpali and 2*69 in Khabdoli: for the 4-year 
seedlings the figures are 1*69 and 1*24 respectively, the Khabdoli figures 
btnng lower throughout, but very slightly so except in series 3. It is 
accordingly taken as established that the conditions responsible for the 
fact that the existing forest at the Khabdoli site is predominantly straight- 
fibred, whilst that at Mahar]>ali is intensely twisted, do not appreciably 
affect tlie young seedlings grown under protexjtion from external in¬ 
jurious agencies. As regards the difference in the result obtained after 
two and four growing seasons, it will be noted that des^nte irregularity 
in s(‘ries 3 and 4, the order is the sjime, and the difference in each case 
is very close* t o 1 *2 units. If this amount be deducted from the averages 
for the younge*!* jdants, a very close agreement is recognisable, the figures 
becoming : 

Aftof 2 M*nM»nN , . (t*17 O-,")! 2 08 1-75 2-70 

Aftn 4 HCHHoiih . . 0 22 0 S7 1-82 1-70 2-71 

Tlie*re is accorelingly no danger of obscuring results or introducing 
ne‘W errois by an amalgamaiioii of the two tables, and this process 
will facilitale a comjirehe'usion of the results of the investigations under 
discussion and the drawing of final deductions. The following table 
accordingly sliews for the seedlings of five different origins, (a) the average 
degree of twist on the factorial method (which represents a combination 
of the cliiinees of a given seedling being twisted, and the degree of the 






Average Pereontagee in 
the TiMst Classes. 

Average 
Twist on 




1 

A1 

1 

A-fB 

4- E. 

factorial 

system. 

1 

1 

NHinital ...» 



73 

00 

0 

0-80 

2 

“ Slraigyit ” Locality 

Straight TrcH*«. 


• 

f 01 

84 

11 

1-29 

3 

“ Straight *’ Localit} 

1 vUteil Tr(H*s. 

• 

• 

45 

04 

28 

2-55 

4 

1 ** Twiat^d ” Locality 

Straight Treoa, 

• 

, 1 

1 

40 

05 

25 

2-32 

6 

; “ isted ” Locality 

TwiatfHl Tree*. 

■ 

• i 

1 

30 

49 

40 

3-30, 
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twist when present), (6) the percentage of A1 seedlings entirely free 
fro^ left-handed twist, (o) the percentage of A+B seedlings free from 
t^st in the stem proper, and (d) the percentage of C+D+E seed- 
lifigs with left-handed twist quite pronounced in the stem. 

9. Dedactiont from Sutistict. 

From the last table given above representing the results of an ex¬ 
amination of 2,700 seedlings of known origin, the following deductions 
may be made. 

(i) Seedlings from seed free from L twist from either parent (Naini- 
tal) show a low but appreciable percentage of twist when grown in areas 
where twisted fibre is not infrequent. 

(ii) Seedlings from seed whose carpellary parent is straight and very 
probably of pure straight descent, and whose pollen parent is probably 
of similar type but may sometimes be twisted (i.e., from straight 
trees in a “ straight locality), have a percentage of twist appreciably 
higher than seedlings of pure origin, but still quite low, approximately 
13 per cent, shewing twist after 4 seasons. 

(iii) Seedlings from seed whose carpellary parent is twisted and very 
probably of twisted descent, and whose pollen parent is probably of 
similar type but may sometimes be straight (t.c., seed from twisted 
trees in a “ twisted locality), have a high percentage of twist, about 
four times as great as that of the opposite type. Approximately one- 
half of the seedlings shew twist after 4 seasons 

(iv) Seed of mixed origin give intermediate results. 

These may be summarised to the effect that tunst in the ^parent tree 
iadejinitdy inherited in the seedling, whether either parent is twisted 
or both are. To them must be added the following, which if of less im¬ 
portance, are also of significance in a consideration of the matter in its 
wider aspects. 

(v) No twist is visible in seedlings of 1 season only. 

(vi) No right-handed twist is found in 2-8eaBon-old plants but occurs 
to a small percentage of all lots of 4-8eason-old plants. 

(vii) The percentage of twist found is appreciably greater at the end 
of the second season, than after the third and fourth—this being in con¬ 
trast to what is found with natural seedlings growing in areas open 
to grazing, etc. 

(viii) If right-handed twist be cancelled against an equal amount 
of left-handed, the seedlings of pure straight origin, appear free from 
twist after four seasons’ growth : a similar adjustment does not greatly 
alter the figures for seedlings of the other origins. 

[ 78 ] 


a 



64 


Indian Forest Records. 


[V0L.XI, 


(is) Seedlings from twisted trees in a straight locality and those 
from straight trees in a ** twisted locality, give approximately equal 
results but with a wide range of variation. 

(x) The inheritance is demonstrated for plants up to an age of six 
grourth seasons (c/., p. 54) and equally for two-season-old coppice shoots 
on six-season-old stocks as apparent from the table on p. 61. 

10 . Theoretical Considerations. 

Origin by mutation. 

The decision having been reached that the occurrence of twisted 
fibre is a peculiarity which can be passed on to a tree’s offspring, the 
question arises as to the mechanism of this inheritance. Can it be 
compared for example with any of the better understood cases of “ Men- 
delian ” inheritance ? In the light of what has been written in Part 
I, it might be thought that the tendency to twist is of the nature of a 
loss-mutation, the loss being that of a controlling factor which normally 
keeps the tissue elements in the ‘‘ straight ” orientation. To allow for 
the appearance of occasional twisted seedlings from homozygous straight 
seed and the converse case, it is also necessary to postulate develop¬ 
ment or an inhibitive factor. It is indeed a simple matter to account 
for the figures obtained in any of these experiments making assumptions 
as the proportions of homozygous and heterozygous parentage, but no 
definite light can be thrown on the problem without careful experiments 
through 2 or 3 generations of trees of known origin- which is as good 
as impossible at present. 

There are further difficulties, three of which have been mentioned 
already—the change in the percentage of twist with the age of the seed¬ 
lings, the probability that a certain, if small, proportion of seedlings 
from seed free from all hereditary taint may be right or left twisted, 
and lastly that it seems almost certain that external influences 
affecting the seedlings are of considerable importance in the develop¬ 
ment of twist even if a tendency to it is already present as an hereditary 
factor. 

For the present, it seems most satisfactory to suppose that a tendency 
to twist is present as a heritable constitutional factor in many trees in 
the forests suppl 3 ring the seed for these experiments. Under equal 
conditions, the tendency finds expression in the seedlings proportion¬ 
ately to the total of twist in the parents of the seed, but under ordi¬ 
nary forest conditions this condition is liable to be obscured by local 
influences which may greatly increase the proportion of visibly affected 
seedlings and the intensity of the defect. It may also be noted that some 
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of the facts suggest comparison with what has been termed Mass 
mutation ” in (Enothera and other plants, for the origin of the twisted 
variety from the type form. If a mutation is really in question, it must 
be a very simple one (hence the suggestion of mutation by loss) since the 
facts are such as to force the conclusion that it has occurred independently 
in several localities where a particular set of conditions prevail, these 
localities being scattered over a large tract of country. 

Twist as an “ Acquired Character.'' 

There is a simple alternative explanation of the facts if the doctrine 
of the inheritance of acquired characters is accepted. It is then only 
necessary to admit that the twisted condition of existing crops is the 
direct result of the conditions under which they have grown up, and 
that their peculiarity is passed on to their of!'spring even if grown 
under a different set of conditions excluding those res])onsible for 
the development of twisted fibre. There is however one serious diffi¬ 
culty, and that is to demonstrate that twisted fibre can be considered 
as an acquired character. It is clearly established that in Kiimaon a 
connection exists between a certain set of conditions, generally to }>o 
summed up as proximity to a centre of population, and an abnornuil 
proportion of twisted trees, but precisely the same conditions elsewhere 
df) not produce the same result : even in Kumaon striking (‘xcepfions 
to this generalisation can be found. No precise data are available, 
moreover, to indicate that the connection is in »ny way directly causa¬ 
tive, or if it be accepted to be so, then how. The writer's view is that 
the facts quoted are better co-ordinated by the supposition that tlie 
important effect of the population is rather its unconscious selection 
of twisted trees for survival and reproduction, than the causation of 
twisted fibre in the individual plants-and It is on these grounds that 
mutational hypothesis is at least tentatively preferred. 

11. Summary and O>nclusions. 

The deductions which have been made from the experimental data 
collected have been given in detail in the several sections above, but 
for ready reference it is advisable to collect them in a condensed form. 

Experimental Basis ,—A detailed examination of a total of over 6,0(K) 
seedlings at ages of 1 (about 400), 2 (3,700), 3 (453), 4 (1,545) and 6 (1,170 
including 1,118 coppice shoots) seasons, derived from seed of known origin 
as r^rds the cone-parent and probable pollen parent, of five types, re¬ 
peat^ in 4 (mainly in two) localities in one of which twist is intensely 
developed in the existing crop and in another is relatively infrequent. 

I 76 ] 



•6 Indian farett Beoards. [ VoL. XI, 

SuaMccU Be9uU$. —(i) Virtually the same results are obtained in 
all localities after 2 and 4 seasons' growth, and in 2-8eason-old coppice 
shoots. 

(ii) Twisted fibre is practically never developed daring the first 
season of growth, appears abruptly in the second season, and under the 
conditions of the experunents appears to decrease again in the 3rd and 
4th seasons. 

(iii) R'twisted fibre is not found in 1 and 2-BeaBon-old plants but 
does occur to a small but appreciable extent in the 4th season in the 
seed of all origins, and also in the only case examined in the 3rd season. 

(iv) Seedlings from an origin presumably untainted by twist, are 
after 4 seasons growth, virtually free from twist, having only 3 per cent. 
L-tivisted in the stem,* and nearly the same R-twisted —this although, 
18 per cent, were found to be L'tNvisted after the first two seasons. The 
same applies to their 2'8eason‘Old coppice shoots. 

(v) Seed from twisted parents gives seedlings exhibiting a high 
percentage of L^twist in the stem, 56 per cent, after two, and 47 per cent, 
after four seasons. 

(vi) Ordinary injuries or defects in the stem or root of seedling of 
one season do not appear to influence the development of twist in the 
following year, but R and L twisted fibre in equal proportions appears 
in the woody swelling of the hypocotyl caused by girdling the lower 
part of the latter. 

(vii) In a given sowing, the more vigorous plants and those with con¬ 
siderable carrot-development, shew a higher percentage of twist than 
the remainder. 

• Nom.—-T witi oUmwm C, D and B are included here. ^ 
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CONCLUSIONS. 

(i) It is a character common to all trees to produce a varying but 
small proportion of individuals with twisted fibre, the twist being L at 
first but changing to B with passage of a period of time varying greatly 
in length with the species. These characteristics are best developed 
in coniferous species. 

(ii) There is probably a certain amount of fluctuating variation in 
the direction of the fibre accounting for occasional exceptions to this 
general rule, others being perhaps traceable to special inhibitive 
influences. 

(iii) In areas where twist is exceptionally frequent, twisted fibre, 
or a tendency to produce it, is unquestionably capable of being trans¬ 
mitted from one tree generation to the next. 

(iv) Conditions found in existing forests make the inheritance of 
twist as an acquired character difficult to accept as a satisfactory ex¬ 
planation. 

(v) In such areas, a twisted variety may have originated, possibly 
by a simple loss mutation of a factor controlling the orientation of the 
growing cells. Such mutation must have originated independently 
in many localities, its survival being favoured by the continued' 
selection of the stiaighter trees foi removal. 

(vi) Sound forest management on the generally accepted lines espe¬ 
cially as regards seed-selection and thinning, should result in time in the 
elimination of twisted trees. 
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J. A. iJfBarff . 

2. h, llartig , 

3. K. Gayer 

4. Do. 

5. J, Nknbet 

0 . W, R. Fmher 

7. Do. 

H, A. Btaon 

a Do. 

JO. Do. 

11. Do. 

12 . Von TrtfchiteHfi 

13. M. Wichnru 

14 . E, ¥. McCarthy . 

& 

F. R. J. Hoyle 

15. A, E. Osmasion 
H). jK. 6’. Troup 

17. Do. * . 

18. Do. 

19. F. Canning . 

20. E. A. Swythies 

21. Do. 

22. W. C Stevens 

23. E, Strasburger 
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Photo of a taungya taken in Jane. Well cleared of all marketable timber. Maize and paddy have 
been ^ofrn. In the background a 20-year old teak plantation, that on the right having been 
somewhat damaged when the taungya was burnt. Stakes at which teak seed has been 
sown can be distinguished in foreground. 
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REGENERATION WITH THE ASSISTANCE OF 
TAUNGYA m BURMA. 


CHAPTER L-INTRODUCTORY. 

1. Foreword. 

Tho object of this note is to summarise the more recent experience 
in regeneration with the assistance of taungya cutting in Burma. It 
is hoped that the note may be useful to Forest Officers in Burma, but 
mainly it has been written with a view to describing the work to Indian 
and other Forest Officers, who may find points in the Burma methods 
that can be adapted in the solution of their own regeneration problems. 

2. Definition of the term taungya* 

Taungya is the Burmese name for teinp^ rary cultivation on hill 
land. The word is derived fiom “ Taung ” - a hill and “ Ya ’’r^culti- 
vation, usually of a temporary chaiacter. A taungya cutter is one who 
cuts and cultivates a taungya. Regeneration of forest species with the 
assistance of taungya is similar to the well known German system of 
“ Waldfcldbau ’’ or cultivation of forest with field crops. 

3. Brief description of the method. 

Exploitation of the forest crop is carried out by the clear felling 
method. All marketable timber is extracted. In the typical bamboo 
forests of Burma there remains the bamboo undergrowth and a number 
of worthless trees for which there is no demand. The taungya cutter 
fells the growth on the land and bums it during the hot weather. Dur¬ 
ing the rains he sows rice or other cereals together with a few vegetables. 
Cultivation of the soil is not usual in the ordinary type of taungyas. 
Sowing or planting of tree species is carried out with the sowing of the 
field crop, and the tree seedlings are tended by the taungya cutter as 
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long as the field crop is on the ground. As soon as the crop has been 
reaped the land is taken over by the Forest Department and the tree 
seedlings are tended until the crop is established. 

4. Past History. 

Regeneration of teak with the assistance of iaungya is no new thing 
in Burma. Sir William Schlioh states that about June 1867, very 
shortly after his arrival in Burma, he was shown a teak taungya planta¬ 
tion in the Kabaung forests of the Toungoo Division which he believes 
to have been then in its second year. This would place the earliest 
iaungya plantation about the year 1866. Mr. Orahame was D. F. 0., 
Toungoo, at that tiim* and (V)I. Seaton, to whom the credit for originat¬ 
ing iaungya [dantations is generally given, was then Conservator. Taungya 
plantations were probably commenced in the Tharrawaddy Division 
about the same year, previous plantations having been made on the 
regular metliod. One of the first iaungyas was made by a Karen, U 
Pan Hie, in Tharrawaddy Division, as a personal present to Sir Die¬ 
trich Brandis. The method spread rapidly and in the eighties and nine¬ 
ties large areas were planted in many parts of Lower Burma. Early 
in the twentieth century, however, it was found that teak plantations 
had been scattered about in such an indiscriminate way, in small blocks 
all over the forest, that organised tending and thinning were almost 
im)>ossil>le and for some time there was a great prejudice against any 
further planting operations. The reason for the scattering of planta¬ 
tions all ov<T the forest was mainly the fear of making plantations on 
land which was already under teak forest. In this way many of the 
plantations were made on soil which was not suitable for teak and it is 
due to this and to the fact that early tending and thinning were neglected 
that so many of our older plantations are so disappointing. Neverthe¬ 
less, the very large area of old plantations (75,517 acres up to 30th of 
June 1910) form a very valuable reservt* of stock and will undoubtedly 
materially increase the outturn of teak when they come to maturity. 

From HK)6 on, taungya plantations were almost given up in nitost 
Burma Divisions and attention was turned more to the improvement 
of the natural stock by means of improvement fellings (i.c. the eradica¬ 
tion of useless si)ecie«, bamlw^os and /cwa-boimd trees together with 
climber cutting, in the interests of the more valuable species). 

It is unnecessary here to trace the evolution of improvement fellings. 
The eventual result was that the type of felling, which dealt with the 
younger age classes and which was called * Y' felling, gradually to 
be a very heavy felling, approximatieg to a regeneration felling 
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in some cases, as for instance at Futkya in N. Tonngoo Division, was 
actually a seeding felling, i.e, clear felling of all but seed-bearers with 
the object of inducing natural regeneration. The cost of such fellings 
was high and as long as the results depended on natural reproduction 
they were extremely uncertain. Nevertheless the value of improvement 
fellings, apart from the inducement of regeneration, should not be 
underestimated, more especially in forest which will continue to be 
worked under the selection system, for many years to come a very large 
proportion of the total area. This note deals, however, with the more 
accessible forests in which the introduction of the uniform method with 
clear felling opened out the way for the re-introduction of taungya plant¬ 
ations which had always proved to be the cheapest and most successful 
method of regeneration yet tried. A new era may be said to have start¬ 
ed in 1918 with the commencement of regeneration under the working 
plan for the Tharrawaddy Yoma forests. This working plan prescribed 
exploitation by clear felling, in coupes in convenient situations, followed 
by regeneration over th of the area considered suitable ; the rotation 

(R) being fixed at 120 years. The methods adopted in Tharrawaddy 
Division rapidly spread, though the unsystematic manner in which 
the work was commenced in many divisions, without arrangements 
for exploitation of the crop, in areas difficult of access and often un¬ 
suitable for the method adopted, have in many cases brought the method 
into disrepute; nevertheless the resumption of taungyas was a great 
step forward in Burma towards systematic Forestry and, where thorough 
exploitation of the timber is possible, only i equires to be properly 
organised to hold its own. 
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CHAPTER n.~-CraCUMSTANCES AND LOCALITIES SUITABLE 
FOR THE INTRODUCTION OF CLEAR FELLING FOLLOWED BY 
REGENERATION WITH TAUNGYAS. 

1. Brief description of the forests of Burma. 

The fore«t« of Burma cover very large areas and are of great potential 
value. The great hulk of them is, however, characterised, by a dense 
growth of bamboos and a very sparse stocking of trees. Moreover the 
different kinds of trees are rarely if ever found pure but are scattered 
here and there all over tlie forest. The forests of the Pegu Yomas may 
be given as an instance*. They form by far the largest and most valu¬ 
able stretch of forests in Burma covering 6,539 sq. miles. Yet it is 
estimated that in thes<‘ forests there are, on an average, only about 17 
trees over 3' girth to the acre and of these only 13 per cent, are teak, 
19 per cent, are pijinkndo (Xt/ha dolahriformis)^ the next most valu¬ 
able species, and no (»ther s[»ecies exce(*ds 3 })er cent. This sparse 
stocking, togeth(*r with the ease with which the most valuabh* timber, 
teak, can b(‘ extracted by flouting, has no doubt contributed to the lack 
of progress in communications within th(‘ forest, w^hich renders so large 
an area still inaccessible to the exploitation of any timber but teak. 

2. System of working suitable for the forests. 

From the preceding ])aragrapli it will be seen that clear felling and 
exploitation ot all timber is not only unpractical ov(*r the greater part 
of the forests at jiresent but that, owing to the vast area of the forests 
and the diflicult nature of the country, combined with the very small 
stock of timber jkt acre, this system is hardly ever likely to be possible 
economically over large areas. Teak can, however, be floated out 
successfully from practically everywhere and is the only valuable timber 
wdiicli can thus be (‘Xploited. In the less accessible forests, therefore, 
selection for teak is the only possil)le method of w^orking and cleanings 
and thinnings (improvement fellings), m favour of teak the only possible 
silvicultural w ork, though plantations of teak in the less accessible forests 
can be justified. The more accessible forests comprise those which can 
now be t‘xploited for hardw^oods other than teak owing to the presence 
of roads or other means of commimication and those forests which will 
undoubtedly become exploitable by the extension of communications 
within a reasonable time. These forests will be worked under clear 
felling followed by regeneration with taungyas, 
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3. The Working Plan. 

Working plans are now mfiide for whole divisions, dividing the forest 
into different working circles according to their accessibility, and the 
object for which they are to be managed. The following working circles 
are usually laid out:— 

A. Forests inaccessible to extraction of non-floatable timbers to be 
worked under the selection system for teak. This forms the Selection 
Working Circle. 

B. Forests now accessible or likely to become accessible to extrac¬ 
tion of timbers other than teak within a reasonable time, to be woiked 
under the clear felling system with regeneration by taungyas, for one 
or more of the following :— 

1. Village supply (including supply of rightholders). 

2. Local sawmill and local trader’s supply. 

3. Export supply, t.c., not required for local consumption. 

The last two often overlap and it is only in the case of a lease to a 
large firm that it is necessary to form a special export working circle. 
Ordinarily, extraction both for local supply and for export may be 
carried out by local traders working under short-term purchase 
contracts and there is no necessity to split off a separate Export 
Working Circle. 

(i) The Village Supply Working Circle. 

It is first of all necessary to set aside small ielling series in close j)roxi- 
mity to the villages to be worked on a short rotation for the supjdy 
mainly of houseposts, bamboos and firewood. These felling series are 
usually situated in isolated blocks of reserved forests in the })lains or on 
the edge of the main jungle. The annual regeneration area is small 
and, provided the areas can be regenerated by taungyas^ regeneration 
presents little difficulty except where the areas are badly drained, as 
is frequently the case in blocks of forests situated in the middle of rice 
land. Exploitation may be carried out by the villagers themselves, 
often under licenses for small amounts sold by local license vendors who 
receive a commission on all revenue collected by them. 

(ii) The local sawmill and export supply Working Circles. 

The outlines of the scheme of working accessible forests other than 
for village supply vary considerably and it may be of interest to deal 
somewhat fully with this subject as it very materially affects the ques¬ 
tion of regeneration. 
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(a) f metis leased for expleHaUcn of hardwoods for export. 

In the ftfst place there is the scheme for exploitation that has to be 
adapted to a big hardwood-lease, the annual felling area of which may 
amount to 1,500 or 2,000 acres in one block. At one time the tendency 
was to give these leases wherever possible. They necessitated a large 
expenditure of capital on extraction routes and this in its turn necessita¬ 
ted a large annual felling area in order to provide the yield to pay a prc^t 
on the capital investment. It must be remembered that in Burma the 
majority of our forests do not contain a peld per acre of more than 10 
to 16 tons of timber other than teak. Even with teak the yield will 
very rarely be as much as 20 tons per acre. Many of the big leases 
proposed have fallen through. The necessity for concentrating regenera¬ 
tion on such large areas proved to be almost impossible, owing to the 
great concentration of labour necessary and, in view of the rapidity 
with which the ground liad to be covered, the constant shifting of the 
labour force. In the one lease that is actually working and where the 
annual felling coupe will be about 1,500 acres it has been decided that 
the felling of the teak, (not included in the hardwood-lease), and the 
regeneration will progress at a very much slower pace, the working circle 
being fixed only at a slightly larger area than is to be felled over under 
the 20-year lease for hardwoods. This has shown erffectively the im- 
(lORsibility of regeneration keeping pace with exti action on a big scale. 
But indeed it is doubtful if extraction on this scale is really necessary for 
the exploitation of our hardwoods in the more accessible forests. The 
extension of communications has always led to the entrance of the small 
timber trader and the writer firmly believes that it is mainly in the ex¬ 
tension of communications and the encouragement of the smaller trader 
that the future exploitation of these forests must rest. Big leases should 
be confined to areas which require considerable outlay of capital to 
render them accessible. 


(b) Forests accessible to extraction by local traders. 

The second case is where communications exist and where there is 
an established demand for timber. Such is the case in the Tharrawaddy, 
Zigjpn, North Toungoo and other divisions. In this case the scheme for 
exploitation must follow communications. Large coupes are not essen¬ 
tial and small felling series with coupes of about 100 acres are convenient 
to manage and to regenerate. Tliis is die ideal size for a regeneration 
unit as it can be wori^ by a village of 20 to 25 houses which would not 
be obliged to move its site too often* 
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(c) Forests suitable for small hng-term leases, 

Tlie ihiid case offers one of the most suitable solutions to the problem 
of exploitation. In Shwebo division two leases have been given for a 
series of small annual felling areas on condition that a small sawmill be 
erected in the jungle. There will then be a complete self-contained 
felling series worked for the mill and regenerated by the agency of a 
forest village. This seems to promise the best method of dealing with 
extraction. The immediate sawing up of many of our timbers, followed 
by seasoning in the plank or scantling, offers probably the best solution 
of the problem of the supply of timber in good marketable condition, 
while the problem of regeneration is very much simplified provided a 
forest village can be formed. The Working Circle may contain several 
of these felling series. It should be noted that it is not essential to lay 
out a complete felling series immediately. Provided always the tot^ 

area exploited annually does not exceed ^ th of the working circle, the 
leased area may contain only sufficient annual coupes to carry on for 
the period of the lease and the felling series may be continued in some 
other part of the working circle after the completion of the lease. 

(d) Forests near settled taungya-^^^tV^ milages. 

The fourth case is somewhat different and deals more with areas in 
which there is little or no marketable timber. Often in these places 
there are already existing villages which have in the past cut taungyas 
all round the village and so reduced the forest to what is known in Burma 
as ‘*pon 20 ,” t.e., the dense regrowth mostly of bamboos or useless 
species, which results from temporary cultivation. In these cases very 
often the village is more or less a fixture and the felling series is bounded 
by the area that can easily be worked from the village. The great danger 
in this case is that the area regenerated annually is too small to supply 
an economic exploitation unit in the future. The less accessible such an 
area is the more this danger increases. It would be reasonable to make 
a short line of communication to tap an annual felling area of say 60 
acres giving say 2,500 tons per annum where it could not possibly pay 
to do so for an annual area of only 10 acres yielding say 500 tons. These 
factors must therefore be taken into consideration when drawing up any 
regular scheme for regeneration. Under this category comes also the 
case where there is a certain amount of timber on the ar^a but which is 
at present inaccessible and is likely to remain inaccessible, or at any 
rate not likely to be economically exploitable for many years. This 
case must be treated with great caution. In certain cases it is obviously 
permissible to sacrifice the existing stock of timber which is never likdy 
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to be of any value owing to the small yield per acre and to replace it with 
a completely stocked crop of high potential value, the presence of which 
would, in the future, justify an extension of communications to tap it. 
For it must be remembered that whereas a stocking of 10 to 16 tons per 
acre in an area not at present tapped by roads will probably never pay 
for the high capital cost of communications necessary to exploit it, a 
8U)cking of 60 tons per acre over a sufficiently large area per annum will 
of itself justify the outlay. It may be remarked in passing that here 
is the crux of the whole of our difficulty in exploitation in Burma. It is 
entirely a question of tonnage per acre. As already stated we are handi- 
cap|)ed l)y the difficulty that the majority of our forests will not, in their 
present state, yield more than 15 tons per acre. 

4. Areas suitable for taungyM- 

In the first place it is necessary to have a fairly dense crop of bamboo 
or useless growth to cut down and burn. The first essential to success 
is a successful fire and this is only possible if there is sufficient inflammable 
material left over after the extraction of all marketable timber. The 
d<‘nse bamboo so typical of the great majority of our teak forests is ideal 
hut taungtjas can also b<* cut in ever-green forest or in any forest where 
the soil is good and the material left for burning is sufficient to produce 
a good fire. At the same time in parts of the Province, especially in 
the Shan States, imnigga cutters are content with a comparatively little 
gr<»wth to burn but this usually necessitates considerable cultivation 
of the soil, work which the ordinary taungya cutter would not usually 
undertake. The second condition is of course the presence of the taungya 
cutter. Either taungya cutters must be available and willing to work 
or else efiorts must be made to introduce taungya cutters when a regular 
scheme for regtmerution has been drawn up. The methods of taungya 
cutters dilTer .somewhat in different parts of the Province and the adapta¬ 
tion of the regeneration methods to the local customs is one of the first 
points to be studied. 
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CHAPTER m.-MEASURES PRELIMINARY TO REGENERATION. 

Note. —For the work described in this and following chapters, a typical 
pi^gramme of work showing the sequence of the varioas operations will be found 
in the appendix. 

1. The exploitation cum regeneration plan. 

The working plan lays down areas to be exploited and regenerated 
during the first period. It is usually left to the local officer to draw up 
schemes for exploitation and regeneration of the annual coupes. In 
forests where teak is present, i.e , in the majority of forests to be worked 
under these methods, it is necessary to take early steps to girdle the teak. 
Teak has to be girdled 3 years before felling to allow it to season and a 
further two to four years should whenever possible be allowed for the 
extraction of all teak and other timbers. In this connection it should 
be noted that girdling of other species can be done just as conveniently 
as of teak and in the case of pyinlado {Xylia dolahrijormia), certainly 
and probably of certain other species, girdling will improve the quality 
of the timber most appreciably. Further research into this question 
of seasoning by girdling is desirable but the possibility of carrying out 
the girdling of other species as of teak must not be lost sight of. It will 
be seen from the above that it is necessary to prepare for the exploitation 
of each coupe 5 to 7 years before regeneration. It will not, of course, 
always be necessary to carry out the girdling of each annual coupe exactly 
the same jieriod ahead. It will jirobably be found more convenient to 
girdle over a convenient area such as a compartment, containing pos¬ 
sibly three or four annual coupes, at one time. 

At the start of a new working plan, however, it is not usually desir¬ 
able to wait 7 years before commencing to do any regeneration at all. 
It is necessary to make a small beginning both to train subordinates and 
to organize the labour necessary for the work. This can only be done 
slowly. Efforts can therefore be made to commence regeneration imme¬ 
diately on a small scale, either by taking up an area devoid of marketable 
timber or by arranging for the early extraction of suitable areas the 
teak being extracted green where necessary or if preferable can be left 
girdled for extraction later. As a general rule the early completion of 
extraction before regeneration must be insisted on. The rush to com¬ 
plete extraction at the last moment causes delay and axmoyance to the 
taioigya cutters and has resulted over and over again in a late and in¬ 
complete fire and a partial failure of the regeneration or, on the other 
hand, in the waste of valuable timber when burning the taungya. It is 
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hr better to leave any timber that cannot be extracted standing, pro¬ 
vided it ia not removed until the young regeneration is firmly rooted and 
extraction is confined to the hot weather when the ground is hard. Little 
permanent damage is then done. This should, however, only be per¬ 
mitted in exceptional circumstances. 

Having laid down the annual coupes for exploitation and regenera¬ 
tion a scheme showing the years in which each operation must be carried 
out is drawn up for each coupe. The following operations are necessary 
in the order named :— 

1. Stock mapping and laying dourn the lines on which regeneration 
should be carri^ out including the choice of species for the future 
crop. 

2. Girdling of all teak and, if considered suitable, of other hard* 
woods which can be killed by girdling. 

3. Extraction of teak 3 years aft'^r girdling followed by extraction 
of other timber, 

4. Regeneration. 

2. Tha rofanaratioB plan bated on the stock map. 

In the past the choice of species and the plan for regeneration has too 
often been left until just before regeneration when most of the original 
stork has been extracted. The main indication of the suitability of 
the area for each species has then depended on an examination of the 
soil and subsidiary growth, more especially of bamboos. At present our 
knowledge of soils is very meagre and it has been impossible to standard¬ 
ise the various classes of locality suitable for the different species. 
Many mistakes have been made. It has now been realized that the best 
indication of the species most suitable is the actual tree growth existing 
on the area before extraction. Hence the necessity for a careful study 
of each coupe before extraction and this is most conveniently carried out 
either at the time of girdling or shortly before girdling is due. It has now 
l>een prescribed that no preparations for regeneration shall be commenced 
before a careful regeneration plan has been drawn up. The actual lines 
on which this examination should be carried out have yet to be deter¬ 
mined but there can be little doubt that a careful stock map, indicating 
the class of forest, must be supplemented by height measurements of 
the more valuable species growing on each soil class. In many of our 
forests the soil varies within very short distances, so that a species in¬ 
dicated by height as the nmet suitable for one area may be entirely 
unsuitable for planting on an adjacent area even under 100 yards away. 
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It will thiiB be realized with what care and detail this examination must 
be carried out. 

Areas unsuitable for regeneration because of the low productive quality 
of the soil must be carefully marked out as it is essential to restrict regene¬ 
ration to soil on which a profitable crop can be raised. Area'^ covered 
with a good stocking of young trees of valuable species should also be 
carefully entered on the stock maps as giidling and extraction ol the 
timber must in such areavS be limited to mature trees only. All trees 
on such areas that can remain for a further rotation should be left. Only 
well stocked patches of reproduction or pole growth over at least half 
an acre in extent need be recorded. These should be carefully preserved 
and not cut over when regenerating the rest of the area. It has been 
found in practice that areas of under halt an acre aie not worth retain¬ 
ing. Indeed, in the writer’s opinion, aieas ot under one aeie aie of 
little importance as the tendency always is for small patches such as 
these to diminish very gioatly in size. In the first place it is impossible 
entirely to prevent the encroachment of the iamigya file into tliem and 
in the second place small patches merely serve as an interruption of the 
crop, the effect of which is usually considerably greater than might be 
expected from the actual area of the patch. In the case of small well 
established patches of reproduction of such fire hardy species as teak 
it is safe to ignore them as the reproduction from coppice shoots after 
the fire can be relied on to replace the original growth. 

3. Choice of Species* 

We come now to the most thorny problem in connection with the 
regeneration. Opinion in Burma i.s sharply divided. One school favours 
teak being planted wherever it will grow on the score that it is by far 
the most valuable species and always will be in the greatest demand. 
The other school, which the writer favours, would insist primarily on 
the selection of species with strict regard U) the soil and locality. Teak 
certainly must be grown extensively but only on tlie soil that is most 
suitable to its growth. The writer feels very strongly that teak is not 
and never can be the only timber likely to fulfil all the requirements of 
the timber market. However plentiful snd cheap teak might be and 
however high the profits of planting teak, he cannot believe that the 
State is justified in producing teak on ab localities on which teak can 
grow. Teak is an extremely hardy species. It will grow on practically 
every class of soil and even in its youth may show encouraging growth 
on soil that cannot in any way be considered suitable for its best growth. 
It is often therefore misleading. The best growth ol teak requires a 
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well drained, well aerated sandy loam and it is on this type of soil that 
the planting of teak should be concentrated. The study of soils is how* 
ever a branch of knowledge that has been very much neglected in Burma 
and not until we have been able to study the matter more fully shall we 
be able to classify the soils and state more fully the requirements of each 
species. For the present our best indication of the species to be grown 
is a careful examination of the previous stock. 

There are so many species other than teak which have claims to our 
consideration that it is extremely difficult at first to make a choice. Mr. 
Bourne in his Working Plan for the Nilambur Forests of Malabar tackles 
this question on very sound lines and the author proposes to follow his 
example. In the first place the choice should be confined to species 
indigenous in the actual forest area under consideration. If teak is 
one of these then teak must certainly be the first choice. In the second 
place the relative value of the species must be considered and in this 
connection it should be noted that relative value is not indicated by value 
per ton but must also dej)end on rapidity of growth and money return 
per acre, allowing for the length of rotation neco8.sary. In the third 
place it is useless to plant small areas with a number of different species. 
Sufficient of each species to supply an industry or market demand based 
on that species is necessary and the plantations of each species must, 
as far as the variation of the locality permits, be concentrated sufficient¬ 
ly to allow exploitation to bo as economical as possible. Bearing these 
main points in mind the final selection of the species must be based on 
the soil and locality, the growth of each species in the original stock 
being taken to indicate the (juality of the locality and the most valuable 
species capable of growing at least over the average quality being selected, 

4. Fire protection. 

The adv antages of fire protection as a measure prc'liniinary to regenera¬ 
tion are that it serves to enrich the soil, to preserve the cover and most 
important U> conserve all inflammable material against the year in which 
the tauagt/(i is cut. The advantages of a good burn in the year of regenera- 
ium aie so important that any steps to ensure that success are justifiable. 
Before regeneration there must be a considerable removal of cover by 
extraction and a very great collection of the debris of felling. Fires 
after or during extraction will naturally be fierce and will render the 
growth much thinner and encourage the entry of weeds and grass. All 
th« tends to increase the difficulty of a good bum before regeneration 
also seems to prevent that tremendous stimulus to growth that 
foBows a successful fire. Moreover the establishment of grass and weedf 
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before regeneration is certain to lead to trouble. The writer veiy strongly 
recommends therefore a short period of 3 to 5 years of fire protection 
before'regeneration. At the same time it must be remembered that it is 
just during this period that extraction is being carried out and the 
institution of fire protection is often a very serious hindrance and annoy¬ 
ance to the extraction agency. If in practice the results of burning before 
regeneration are foimd to be very serious and fire protection is not found 
to be compatible with successful extraction it might almost be desirable 
to fire protect for about 3 years after the completion of exti action before 
regeneration is commenced. It is not thought, however, that this will 
usually be necessary. 

5. Forest Villages. 

It is not intended here to enter into the organization of Forest Villages 
as practised in Burma. Our organization is as yet in the making and the 
problem must be tackled in each case according to tlu‘ local circum¬ 
stances. One point is however important. The size of the village must 
be fixed by the size of the n^geneiation area. The aiea w^oikcd by tmimj- 
ya cutters in different parts of the Province varies considerably and 
sometimes the cultivation is carried on for two or (‘ven more years, 
instead of the usual one. It is necessary therefore to find out the average 
annual area that each iaungya cutter is capable of doing and on that to 
base the size of the village required. In Tliairawaddy division for n - 
stance the average may bo taken at between three and four acres ])er 
household. Good faungya cutteis with male helj m the sha])e of adult 
sons can manage as much as six, but a family, consisting of a man and 
his wife only, cannot usually (ultivate effniently more than 3 or 3| 
acres. It is therefore necessary to have a village of 25 to 30 houses to 
regenerate 100 acres a year. The villagers are given free building materials, 
free land for taungya cultivation and are sometimes let off all taxes. In 
addition the headman usually receives some regular ])ayin(‘nt and the 
taungya cutters are paid by the results of tlie reg(‘neration in their taung- 
yas. Advances for purchase of food, seed, rice, etc., have to be given 
to them when first they enter a village or when they have had bad crops. 
When they arc free from th(* taungya work they are (mijiloyed on forest 
work for which they get the ordinary rates of pay. 

6. Final regeneration plan. 

The plan for regeneration with map la]y ing down the actual areas to 
be planted with each species and based on the original stock-map and 
regeneration plan must be brought up to date and sanctioned by the 
competent authority before October Slst in the year before regeneration. 

( 93 ] ns 



u 


Indian Forest Records. 


[ VOL. XI 


7. Allotment of areas to taungya cutters. 

It baH been found that if taungya cnttera are allowed to select their 
own areas there are always nairow strips of jungle left unfelled between 
their iaungyas. Moreover they have no idea of area and must be pre¬ 
vented from taking in too large an area which they would not be able 
to manag(‘. It has, therefore, been found necessary to apportion the 
area to the different taungya cutters so that no one gets more than he 
can manage. As soon as the cay)abilities of each taungya cutter are known 
the area can be varied for ea( li man according to the amount he is able 
to do. All this work must be carried out so that the tau'ngya cutter 
can start iiis work early. Ordinarily each taungya cutter should have 
his area allotted and be ready to commence felling before the end 
of January. 
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CHAPTER IV.-DESCRIPTION OF THE WORK ORDINARILY 
CARRIED OUT BY THE TAUNGYA CUTTER. 

Before dealing with the regeneration of tree bpecies in Uiaugga it 
will perhaps be as well to outline the work done by an ordinary taungya 
cutter in the cultivation of his crop. Felling of the forest growth left 
after extraction is usually commenced early in February. Jn bamboo 
jungle all the bamboos and low undergrowth are felled first and any trees 
which may have been left from the extraction, because they are not 
marketable, are felled after the bamboos. The object of this is to lay 
the bamboos as flat on the giound as possiblt^. Unless this is done it is 
almost impossible to get a complete burning and this leads to a lot more 
work afterwards. The* felling should ordinarily b(* comj)leted by the 
middle of March in order that the felled refuse may have soim* time to 
dry properly. The b(*st time to burn the area is a matter of considerable 
judgment. Ordinaiily sj)eaking the best time to burn is between the 
10th and 15th April but it often happens in Buima, especially in Up])er 
Burma, that there is a danger of hot weather showers inteifeiing with 
the burning. In this cast* it is better to burn soniew’hat earlier rather 
than to risk delay by these early showa*rs. A good fire is essential not 
only because it completely consumes all the cut reluse and so saves W'ork 
afterwards but because a good fierce fire kills the bamboo clumps, 
delays the growdh of weeds and leaves the soil in a better condition for 
the crop. After burning it is usually necessary to hea]> and reburn the 
imburnt refuse, an operation known in Burmese as kgmikwe.'' In 
the case of a badly burnt area this work is naturally heavy and, when 
the burning has been late, delays the sowing and weeding of the crop 
and may result in its partial or comxdete failure. Weeds usually appear 
as soon as the first monsoon rains have fallen. In Lower Burma these 
are generally expected at any time after the 15th May from which time 
rain usually falls frequently. In Upper Burma, though showers may 
be expected in May, the rains cannot really be r(‘lied on until much 
later and often fairly heavy rain in the latter half of May may be follow’ed 
by a prolonged drought which renders regeneration extremely difficult. 
Even there, however, the May showers will invariably bring up the 
weeds. Before sowing the crop it is usually necessary for tlie taungya 
cutter to do a thorough clean weeding. These early weeds are known 
as the '‘mibaung^* (fireweed‘<) and are of a somewhat different type 
to the. later weeds known as ‘‘ eababaung^' (rice w eeds). An important 
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part of the early weeding is the cutting back of all shoots springing up 
from bamboo clumps. This will be dealt with later under regeneration. 
After the we(*dinj]; of tlu^ mihuung^ which should usually be completed 
by the end of May or early June the ciops are sown. The crops sown 
by the lauugga cutters vary eonsiderably. In the ordinary moist forest 
typical of the rnoiht deciduous type in which the best teak grows, rice 
in always the muiu crop, wliile small patelies of '' jtyaunghu^' (maize), 
pumpkins of diiVuent kinds, beans, sessamum and cotton are grown, 
oftem inixcni indiscrirninatc'ly wdth the rice. In the drier types of soil, 
cotton, Hc*ssamuiii or e\c*n mi]lc*t may form the major ])aTt of the crop ; 
wliil(‘ on Ihe Slum lidb potatoc*^ ofb*r a very juomising and paying crop. 
7’|jc‘earliest to be sown, as it is also tlie earlieht to be rca])(d, is the maize. 
Tins is oftc*n jiiit down at the veuy start of tlie rains, (‘ven before the 
early wcssling is completed It usually dibbled at wdde intervals in 
other rropN and. if the* mam (i<>p is nee. must on no account be sown at 
all dcMi'^ely. H«*ans, jiunipkins and other vegetables are usually sown 
about thc‘ c^iUuc* time*. J'lic* nee w not sown until all the early weeding 
has Wen eompleted. It is laicly if ever sown )>roadenst. Apart from 
the danger of all the* sc c cl sown in this way being washed down the slopes, 
rie<‘ seems alw'avs to grow better when three or lour ]>lants are clumped 
togeth«*r. Moreover on good soil where the grow Ih is vigorous the rice 
should be given ph*nty of room and must be ^ paced far wider than on 
f>oor soil. All expellenetd (auugga (Utteis are fully acquainted with 
the be.st jn<*th()ds of sowing but often villagcTs are introduced who are 
not c*\]iern‘need and it is necessary for the Forest Ohirer to train them 
in fire best ni<*th<Kl of sov'injjr tlieir crojjs. Rice is almost invariably 
dibbled. In most of Lowc*r Hiiinm the soil is notched by tlie men who 
use long bamboos witli a small iioii trowel (tooyirw), at one end and 
by u.sing the* balauc*e (»f the long bamboo they are able to make small 
shallow m»tehes in the* giound with the iron tfoyww at intervals of about 
9"" to r or even more and cover the ground very rapidly. Other more 
primitive m(*th(Kls are to use just a short bamboo or wooden handle with 
thcMrxm and make small notches but this is far less rapid than the 

expert use of the long bumlioo. The women u'-ually follow^ the men 
and )>lace a few seeds of rice in each notch oi nit. No attempt is made 
ill tlie ordinary tauugya to cultivate the soil in any w ay other than weeding 
ami aft«*r sowing the paddy, tlie notches are left open. The sowing of 
the sc‘Shamum is usually done broadcast immediately before the soil 
is notchc‘(l for the sowing of the rice. The object of this is to prevent 
the light seed from being washed aw'ay, as the notching, immediately 
after sowing, breaks the surface of the soil sufficiently to allow the seed 
to bo caught up and so to g(*rniinate. Usually it is advisable when the 
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sesfiamum is found to be growing lip too thickly to thin out the plants 
both in the interests of the sesgamum and of the rice. Provid^ the 
rains are propitious, the rice germinates within a day or two and when 
once it has started to grow a second weeding of the sabahaung (rice weeds) 
is necessary, all bamboo shoots and coppice shoots being cut back as 
Soon as they appear. Later a third weeding may be necessary but unless 
the weeds are very strong the rice is usually able to hold its own after 
the second weeding. The maize usually ripens about the latter half of 
July and has then to be reaped. From then until October, apart from 
occasional weeding where necessary, the taungya cutter has little to do. 
The rice usually starts flowering in October but the actual time varies 
considerably according to the kind of rice that has been sown. Once 
the grain has started to form the taungya cutter is kept fairly busy keeping 
wild animals and birds (esjiecially parrots) from damaging the crops. 

Rice is usually reaped in the latter half of November or the first half 
of December, Sessamura is usually gathered somewhat later, while 
cotton and vegetables continue producing well on into the following 
year. 

Such is the ordinary routine of the work in a taungya in Lower Burma. 
Usually it is only possible to persuade the taungya cutler to take one 
crop off a taungya and the area is then abandoned though the taungya 
cutter may return the following year to collect fruits and vegetables 
and even cotton from his taungya of the previous year. In some cases 
in Upper Burma, where the soil is exceptionally rich, it is possible to 
take a second crop of early rice off the area by cutting over the straw and 
weeds and burning. This is also possible in some of the drier areas where 
owing to the poverty of the soil and the lack of material for the burning 
it is necessary to work the soil either by ploughing or hoeing. The 
cultivation of the area for a second year is of course a very great assistance 
when regeneration is combined with the taungya crop as it ensures a 
second year’s weeding. 

Before proceeding to detail how regeneration is fitted in with taungya 
it may be as well to note that it is essential for the welfare of the taungya 
cutters, (which is of course inseparable from the success of regeneration 
with taungya), that the agricultural pioblems in connection with the 
taungyas should be very carefully stuped. Improved kinds of rice and 
other crops which will ensure a better return for the labour, better methods 
of treatment and the introduction of ilew and profitable crops should 
all be studied and experiments on the part of the taungya cutters should 
be encouraged by liberal supply of seed and even by assistance in the 
marketing of any surplus produce. 
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CHAPTER V.-ESTABLISHMENT OF TEAK REPRODUCTION IN 

TAUNGYA. 

Having detailed the ordinary work carried out by the taungya cutter 
it is now propoHcd to sho\\ how the* regeneration of tree species is com¬ 
bined with the laungjja. To avoid confusion it will be as well primarily 
to deal only with the introduction of teak, noting later on the variations 
necessary for the introduction of a few of the other more important 
species. Btdore [)roceeding furtln'i it should be noted that our methods 
have mainly to be adapted to the production by the taungya cutter of 
a croj) w'hich will Miip|>ly his own food during the year and from any sur¬ 
plus of wlu(‘h he can obtain the money to HU])ply a few’ of his wants, such 
as clothes and extra fotal which he cannot himself provide. Moreover 
the W'ork which he js iiskerl to do must not in any case exceed the limit 
which he is prepared to give in return lor the juivilege of being given 
a rent-free area to cut lor taungya, certain other privileges attached to 
the status of a fonvst villag(‘r and a small monetary reward in cash. 
Work in the production of a taungya crop is (‘.vtremely arduous and em¬ 
ploys to the full the taungya cuttcu* for the greater j)art of the year. The 
methods by which the tree croj) i.s introduced must therefore be as simple 
and as non-vexatious as possible. 

1. Work in the first year. 

(i) Collection i»f the seed. 

Tt»ak weed should be collected from sound vigorous trees at least 4' 
in girth. It is best to select trees witli wide sjneading eiowns situated 
in tlie open <»r on the edge of <l«'nser forest. The best time for collection 
varies in liifTereut parts of Burma. Jn Lower Buima collection may b^ 
started about the second half of February but in rp})er Burma it should 
be carried out somewhat later. Karl> falling se(»d should be discarded. 
In the past the majority of seed in Lower Burma from which most of 
the indents for other parts of India luivt* been supplied, ha\ e been collect¬ 
ed from clumps of pure teak isolated in the middle of cultivation. These 
trees, probably on account of exi)osure to the sun and their wide spread- 
lim crowms, usually produce abundance of seed which has been very 
easy to collect. Now' that most of these teak clumps are being given 
up for permanent cultivation or other purposes, the collection of seed 
is more difficult, It is usually possible, however, to find suitable isolated 
trees from which all the seed required can be collected. Collection is 
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usually carried out by knocking the fruit off the trees with long bamboos 
either from the ground or by climbing into the trees. Teak usually 
seeds fairly freely every year, but though teak seed will keep fairly well 
for several years if carefully stored, it does not seem to germinate as 
readily after the first year, probably because the shell has hardened 
and is less pervious to moisture. It is however as well, in a good seep 
year, to collect a surplus in case the following year should fail to produce 
good seed. 

The seed after being collected should be spread out to dry in the sun 
and after it is thoroughly dry can be packed in bags or heaped in a dry 
store room. 

(ii) Preparation of the seed before sowing. 

Much has been written on this in the })a8t and the most satisfactory 
method of preparation has still to be discovered. As a matter of fact, 
in Lower Burma, wherever the rainfall is fairly heavy, early sowing 
usually gives fairly early germination and the use of any special measure*^ 
are not of so much importance. In Upper Burma however the delayed 
germination of the seed almost invariably gives trouble. The difference 
is partly due to climatic conditions as in Upper Burma the early rains 
are uncertain and long spells of hot weather frequently come after the 
early showers. In Lower Burma where the rainfall is over 60 to 70 
inches, the early rains arc much more constant and the short spells of 
hot sun between the showers give probably ideal conditions for early 
germination. Apart from the difference in climatic conditions, how¬ 
ever, it would seem that the teak seed of Upper Burma produces a 
thicker, tougher shell which also accounts for slower germination. Cer¬ 
tainly teak seeds from Lower Burma when sown in Upper Burma seem 
to produce earlier and better germination. 

With regard to the method of preparation, burying of the seed for 
a year certainly gave extremely good and early germination in the initial 
experiment, but subsequent experiment has shown that this success 
is not invariable. Both in Lower and Upper Burma, the writer has 
examined many samples of bmied seed and while certainly the valves, 
which have to open before the seed can obtain the moisture to germinate, 
have usually been found to adhere but loosely to the seed after burying, 
the great majority of the seed has almost invariably been bad, having 
become damp. In the original experimient in Katha Division which was 
described in Burma Forest Bulletin No. 1, issued in 1921, great stress 
was laid on the importance of white-ants eating away the outer corky 
covering of the fruit and leaving the bare shell. Careful examination 
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of seed in the course of germination on a seed bed has however shown 
that the absence of the corky covering so far from being an advantage 
is in all probability a siiriouH drawback. The factors necessary for 
germination are moisture and heat combined. In the case of the bare 
shelh moisture has hut little effect and as soon as a dry spell comes the 
shell dries up entirely. Wlu^re the corky covering is still present, this 
covering gets saturated with moisture during rain and when a dry spell 
comfiH does not rajiidly lose the moisture, but on the other hand is in 
a better position to combim* the two essentials of moisture and heat. 
It is not proposed to go into great detail as to the various methods of 
the preparation of s(‘ed for early germination. Reference is invited to 
Burma Forest Bulletin ISo.l and to Indian Forest Record,Vol. VUI, Part 
IV, i)ages 32 and 33. Suflice it to say that with the exception of burying 
the seed all the methods aim at the combination of the two essential 
factors for germination, heat and moisture. There remains, however, 
the methiKl which on th<^ whole has given the best results in Lower Burma 
and that is early sowing. It has been found that seed sown in Lower 
Burma without any special preparations, soon after the iau}hgya fire 
and allow<‘d to remain in the soil during the rest of the hot weather 
usually gives <MrIy and fairly thorough germination. No special prepara¬ 
tion of the soil is necessary. Seed is usually sown on level patches at 
convenient spots throughout the area and seedlings are transplanted 
later. 


(iii) r^PACiNo. 

In Burma in the past various spacings were tried such as 6'x6', 
9'x4' and 12'x 3'. The main idea of these has always been to give 
the same number of ])lants to the acre, i.e., 1,210. Latterly experiments 
of wider spacing such as 0'x9', 12 x12' and even wider have been 

tri<^d but have not been a success. The main principle underlying the 
spacing must be the production of a canopy at as early a dale as possible 
consistent with economy. With this in view a close spacing, provided 
the cost is kept down within reasonable limits, has been found to be best. 
A spacing of 0' a 0' is now generally adopted hut in view of the greater 
facility at. weeding in following lines of plants closer than 6' apart ex¬ 
periments with such spacing as G'x3' or 9'x3' are being made. An 
important point in connection witli the spacing is the subsequent develop¬ 
ment of the crop and especially the thinnings that are necessary. In 
good teak localities it is found that teak plantations with a spacing of 
()'x6' require thinning after 5 or 6 years A closer spacing in the lines 
will therefore necessitate an earlier thinning in order to prevent the 
saplings crowding each other. At the same time a thinning out of alter- 
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mte sapUnfB in the line is a very simple operation whereas there is more 
chance of obtaining a full stocking in spite of some failures when the 
^ia^ts are only S' apart in the rows thali when they are 6' apart. The 
disadvantages of a wide spacing are that the plantation takes longer to 
form a canopy and therefore requires more expenditure on weeding 
while the failure to close up early tends to encourage forking of tlie 
leading shoot and vigorous growth of strong side branches. 

(iv) Staging. 

Small split bamboo stakes from 18"' to 2' 0" long are put in to mark 
the spacing. While absolute accuracy is not essential, considerable 
care is required to see that the lines are kept reasonably straight and 
that the distances between pegs do not vary more than a few inches. 
The first step is to lay out guide lines and this should be done more accu¬ 
rately with a compass, care being taken to see that the guide lines cross 
at right angles. Intermediate staking can be done mainly with the 
assistance of rope knotted at suitable intervals and bamboo poles of the 
required length. Staking should be done only by reliable subordinates 
who require a certain amount of drilling. One important point is to 
aee that staking is not done piecemeal but that the lines continue right 
through the whole area to be planted. This facilitates thinning, as, 
where staking is done separately for each taungya cutter s area, the 
junction between two areas often leads to complications in thimiing 
when the lines are not continuous. 

Staking must be carried out as early as possible as otheiwise sowing 
of the teak seed is delayed. Care must be taken to see the stakes are 
driven firmly into the soil. Stakes are usually prepared by the taungya 
cutters and must be stout, as they are required to last through the rains. 

(v) Sowing. 

As a general rule sowing of the seed at stake is cheaper and more 
effective than planting from nurseries but in view of the importance of 
early sowing in the case of teak, and the delay often caused by having 
to wait until the staking is completed, early broadcast sowing of the teak 
on suitable level patches, from which transplants can later be moved 
to stakes, has proved to be the best method up-to-date. In adopting 
this method care should be taken to avoid sowing broadcast over large 
areas as owing to a number of seedlings being left m situ and not being 
required for transplanting considerable difficulty is caused subsequently 
in tending and thinning owing to the absence of definite lines. Small 
level places on good soil are selected at suitable intervals throughout the 
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area and the seed is sown broadcast on these, care being taken to see 
the seed is not somu too thickly as this makes transplanting with a ball 
of earth more dilBBcult. This sowing should be done as soon after the 
taungya has been burnt as possible. Staking can then be done at the 
convenience of the iaumgya cutter and is not so urgent as would be the 
case when the seed is to be sown at stake. The teak seed should begin 
to germinate by the end of May and when germination has been well 
advanced the seedlings are lifted with a ball of earth and transferred to 
the stake. Seedlings may be transjdanted soon after the first pair of 
real leaves is fully develo})ed and an ordinary garden trowel has been 
foimd to be a very useful instrument for this purpose. Provided ordinary 
care is taken over transplanting and the work is only carried out in suit¬ 
able weather either during rain or in the evening, the percentage of 
failures should be very low. One of the greatest advantages of this 
method is that only early germinating vigorous seedlings are transplanted 
to stake and this is of tlie first importance as the essential point in teak 
plantations is a complete stocking of vigorous seedlings in the first year. 
In the case of direct sowing at stake germination is veiy uneven and 
seedlings vary considerably in their vigour. 

If seed is sown direct at stake 3 or 4 seeds should be used for each 
stake but care should be taken to see they are not sown close together. 
Either they may be sown in three oi four separate pits round the stake 
or at intervals in a short trench. It would probably be beneficial to 
work the soil fairly thoroughly round the stake but so far this is not 
usually done. A small j)it is made and the seed dropped into it, or the 
soil is slightly loosened and the seed pressed into the loose earth. On 
steep hillsides more care is necessary as seed is liable to get washed away 
with the loosened earth and in this case it has been found best to dig 
notches into the slope and avoid loosening the earth. 

(vi) Buoadcast sowino of accessory species. 

Tim object of this is to hasten the killing out of weeds and grass and 
to ensure a dense stocking as (‘arly as possible. The method was original¬ 
ly suggested by the success which attended the presence of natural 
regeneration of hnaw {.Adimi cordifoha), in a young teak plantation. 
It was found that the cost of ceding was considerably reduced by the 
dense stocking of hnaw seedlings which sprang uji from seed shed by a 
soedbearer on the edge of the plantation. Later it was found that binga 
fStephegytie diversifoUa)^ also formed a dense stocking and while assist- 
ing greatly in suppressing the growth of weeds and grass grew somewhat 
slower than the teak and did not interfere with its growth. Broadcast 
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V teok plantation 2 }oar8 old with dense undergrowth of binga {Steftheggne thretsifolia) from 
Ij^mdoa^t and natural sowing. Illustrates good and rapid soil cover and al)'5ence of weedf^. 
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Bowing of these species was then tried and proved successful in many 
cases, more especially on level or slightly sloping ground, but was very 
uncertain on steeper slopes where the light seed was probably washed 
down by the rain. It was found that with a dense stocking of subsidiary 
species little if any weeding was necessary in the third year of the planta¬ 
tion, while the soil underneath the canopy was cleaned and kept cool 
and moist by the cover. There can be little doubt that this has made 
a great difference to the growth of the major sj)ecies. The above two 
species are however light-demanders and, once the teak is well estab¬ 
lished, cease to have any useful function. Pyinma {Lagerstroemia 
Floft-Reginae) has also been tried and although it is not quite so good 
at covering the ground and killing out the weeds as the other two species 
it does give considerable assistance and moreover as it is a shade-bearer 
can continue under the canopy of the teak and form an undergrowth and 
possibly even a second storey of marketable timber. In view of the 
necessity for undergrowth in teak plantations the broadcast sowing of 
pyinma seems likely to give very valuable results. Other species have 
been tried with varying results. The essentials to success arc :— 

1. The accessory sj)ecies must be slower growing than the major 

species unless the major species is a shade-bearer. 

2. It must cover the ground rapidly. 

3. The seed must be cheap and easy to sow broadcast. 

4. Broadcast sowing must be done very systematically so that the 

whole of the area is covered. 

5. Accessory species found interfering wit: the major species must 

be dealt with as weeds. 

Were the results of broadcast sowing certain it would be justifiable to 
adopt a far wider spacing than 6'x6'. Probably a spacing with trees 
close together in the rows and wider intervals between the rows would 
be the best as weeding could be confined to the rows. A mistake has 
sometimes been made when weeding of assisting the accessory species 
as well as the major species. This makes the weeding much more expen¬ 
sive. Except possibly in the first weeding in tin* second year accessory 
species must be left to look after themselves, weeding being confined 
to the major species sown in lines. 

(vii) Planting. 

Owing to the uncertainty of germihation of teak seed, and the im¬ 
portance of ensuring vigorous seedlings in the first year, planting is 
being moie and more resorted to. The method of early sowing on select¬ 
ed patches in the plantation and subsequent transplanting has already 
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been dealt with. So far the use of regular nurseries with watering during 
the hot weather has not been adopted though, could the difficulty of 
finding a regular water supply close to the plantation area be got over, 
this would promise well. Usually only rough nurseries are made and 
the seedlings transplanted to stake with a ball of earth. Another method 
of planting is by the use of “ stumps.’*^ So far this has not been generally 
used in th(* first year as the growth is so fast that it may interfere with 
the rice; the method is more adapted to filling up blanks in the begin¬ 
ning of the second year. At the same time the use of stumps is by no 
me^ns as simple as some people seem to think. The writer has seen 
stumps being used that would require the greatest optimism to hope 
for success. Htumps should be carefully treated and cut cleanly. The 
side roots should be trimmed off with a sharp knife and not tom. Only 
a very short length of the stem should be left and it is found to be better 
to insist on to U of stem only being left as there is then less danger 
of burying Ihe stum}» too deep. The length of root to be cut depends 
on the size of the carrot-like portion of the tap root. On no account 
should the carrot be cut. The best size of stump is about the thickness 
of the foreliuger, as the taproot is then O'" to S'" long. Larger seedlings 
produce larger stumps as the tap root is much longer. In planting out 
there are sev<‘ral ways. Wedge planting is probably the easiest and quick¬ 
est . but subouimates usually dig a hole and plant the stump in the hole, 
j)ressing in the earth round the roots. Great care must be taken to 
see that the collar is on a level with the ground and is not buried too 
d(»ep and that the soil is well pressed in round the roots. For ordinary 
planting by far the best metluid is to use small teak seedlings and trans¬ 
plant >\ith a ball of earth leaving the roots undisturbed. The best size 
to use is wlien 1, 2 or 3 pairs of real leaves have been produced. Larger 
seedlings have longish roots and though transplanting is by no means 
difficult the operation requires more care and a larger ball of earth than 
most of tlu* tamigya cutters care to use. Planting should oidinaiily 
be completed by the 15th June. 

(viii) Filling gaps. 

Early in July and before the rice gets too higli the subordinate in 
charge should make a thorough inspecticn of the lines of seedlings and 
maik each blank with a six foot stake, so that it can easily be seen above 
the paddy. He should see that the taungya cutters fill up the blanks 
with transplants or '' stumps ” and the 6' stake should not be removed 
until a later inspection has shown that the blank has been snceeasiuH^ 
filled with a living plant. 
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(ix) Wrediko. 

As already described the tamigya cutter usually does one weeding, 
tnibaungy** before sowing his rice and one latti after sowing the yadely 
“ sababaung, ” Unless he is properly supervised he will not trouble about 
bamboo clumps that have not been killed by the fire beyond eutting 
the shoots back. It is most important that all bamboos should le killed 
as otherwise expensive cleanings will be necessaiy for many yea is. A 
good fire is half the battle but clumps that have not been killed by the 
fire require constant attention. Eveiy shoot should be caiefiilly cut oft* 
close to the stump as soon as it forms wnd when these shoots arise bet w een 
the bamboo stumps they are best cut with a small flat trowel fixed to 
the end of a bamboo handle. If ihi« is done systematically early in the 
pains the bamboo clump can usually be killed. 

Care must be taken to educate the tunngt/a cutter to recognise* seed¬ 
lings of all trees useful as accessory speci(‘s and avoid removing them 
when weeding. 


(x) Counting. 

The rice in the tawngyuH is reaped in tin* end of November or the 
beginning of December and us soon as the harvest is finished 1h(‘ laungga 
cutters have to clear the lines of all we< ds and rice straw' and replace all 
stakes that have been lost. At one time the practice of clearing the 
lines was given up as it was thought that the weeds and straw' gave shelter 
to the young seedlings duiing the hot weather. This was a mistake*. 
Teak seedlings that have been suppressed by V > rice during the last 5 
or 4 mouths of the rains cun put on a veiy n]»])reciuble growth during 
the cold weather and such seedlings ar<* in a very much better jH)siiion 
to start a vigorous growth early in the following hot weather than seed¬ 
lings that are kept in check by weeds and rice straw. 

As soon as lines have been cleared and every space, where seedlings 
are or should be, has been staked, counting is carried out under the 
supervision of the Range Officer. This counting is done in various ways. 
The most usual way is for a pair of coolies to take a line. One man 
collects a stake from every space that has a living seedling while the 
second man notes on a thin strip of bamboo with nicks on it the number 
of blanks at the same time removing the stake left at all blanks and lay¬ 
ing it alongside the place where the seedling should be. 

« 

(xi) Payment. 

The rates of payment vary very considerably, and depend mainly 
on the inducement necessary to encourage lavngya cutters to work. 
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In Bome places taungya cutters do all the work free in return for permis¬ 
sion to cut taungyas. This, however, is not usual and a small payment 
serves as an incentive to successful stocking. In some cases even the 
sowing, staking and planting may all be done departmentally, the 
taungya cutter only being responsible for seeing that the seedlings are 
properly weeded. The usual method is to give ])ayment8 for the number 
of live plants found on the area, all the work, with the exception of the 
collection of the seed, being done by the taungya cutter. Rates vary 
from eight annas to Re. 1 ])er 100 established jdants. A better method 
is to vary the rate paid according to the success attained. Thus a 
percentage of over 90% survival is paid for at Re. 1 per 100 ; 75% to 
90% at 12 annas per 100 and 50®', to 75% at 8 annas per 100. Under 
50% success no })ayment is made. The full cost of an acre planted 
()' X 6' with 1,210 plants is therefore just over Rs. 12 for complete success. 
A reduction in the rates may be made for areas where the taungya cutter 
has not killed the bamboo clumps or has left the are full of 
W’eeds. 

The importance of a good stocking cannot be sufficiently emphasized. 
Not only does the weeding of a y)oorly stocked area cost very much more 
but even then the chances are against the jdantation ever being well 
stocked—blanks are far more likely to extend than to close up, while 
thinning is very greatly complicated by the presence of large gaps in 
the canopy. Any extra payment for stocking over 90% is easily covered 
by saving in subsequent weedings, cleanings and thinnings. 

Equally important is the vigorous and even growth of the seedlings. 
This is a matter that is very difficult to encourage by varying the rates of 
payment as it requires considerable judgment to decide whether the . 
growth will pass the standard or not. Often teak seedlings after reap¬ 
ing the rice are w'eak with small leaves and are not in a condition to shoot 
ahead in the second rains. As a result weeding has to be continued for 
very much longer. On the other hand a crop of vigorous seedlings which 
has been enabled to produce large healthy leaves before the rice has sup¬ 
pressed it, can and does shoot up to a height of 6' to 8' in the second 
rains and is established rapidly and cheaply. The writer believes that the 
rotation necessary to reach a reasonable exploitable girth in the cases 
of two plantations on the same locality where in one case the seedlings 
at the end of the first year are strong and vigorous, while in the other 
case they are w^eak and small, may differ by as much as ten years. A 
plantation of small weakly seedlings takes years to establish itself and 
even then the growth does not compare with the growth in a plantation 
of vigorous seedlings which can establish itself in the second year, 
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(xii) Survey anI) inspection paths. 

During the hot weather after counting, tlie area is mapped to show 
areas planted with different species. It is necessary to emphasise tlio 
importance of early survey. While the area is still clear of 
survey is a simple matter, long sights can he taken and the whole area cun 
be mapped on a plane-table by intersection with the minimum of uetuni 
survey. Once the growth is up, however, survey must be a long and 
laborious business. A scale of S'" to the mile is usually sufficient. To¬ 
gether with survey the laying out of a netw’ork of inspection j aths is 
necessary. There are many who may scoff at the necessity of insjH'ction 
paths but they do not realise what a dense growth s])rings up in these 
plantations in the first 3 or 4 years. Without paths it is impossible to 
inspect the area or to see that work such as weeding is being pro])erly 
done, while paths also serve to split up the area into small blocks and 
ensure the more systematic working over of the whole area by w eedings, 
cleanings and thinnings. Inspection paths should be laid out so that 
every pari of the area can be seen. They should not follow the to])s 
of ridges and spurs only but should be graded partly along the slopes. 
A maximum gradient of 1 in G is found to be suitable. 

2. Work in the second year. 

(i) Burning and fire protection. 

Formerly teak plantations were usually burnt over before the second 
rains. It is still a disputed point as to whether this should be done or 
not. So far experiments show that results vaiy very greatly. In some 
cases burning undoubtedly keeps back the weeds and results in a vigorous 
growth of the teak. In other cases little if any advantage to the growth 
can be found, while strong vigorous seedlings undoubtedly receive a 
set-back. It is probable that in good plantations, in whicli the growth 
of the seedlings is vigorous and which have been well w^eeded, burning 
does n)ore harm that good. In plantations which have not been kept 
clean of weeds or in which the seedlings are not very vigorous, burning 
undoubtedly does good as it retards tlie w^eed growth and gives the teak 
a chance of sending up vigorous shoots. Burning must therefore be 
considered as a possible palliative in plantations which have not succeeded 
as well as might be desired. It is not a regular part of the routine in a 
successful teak plantation. Should it be decided to burnlhe plantation 
it is often as well to cut back all vigorous seedlings, to avoid forking in 
the event of their not being burnt back to the roots. It may also be 
found necessary to cut back weeds to ensure a good fire. It is by no 
means always an easy matter to burn a plantation at this stage. 
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(ii) Weeding. 

It is important to do a very thorough weeding early in the second rains. 
Weeding is best carried out by following the lines and clearing back all 
weeds to a widtli of about 3'. Only higher weeds and creepers between 
the lines need be cut back. Often double shoots will be found owing 
either to burning or to more than one seedling springing up at each stake. 
All siij>erfluous shoots or seedlings must be cut back. It is probable 
also that jiruning of badly forked or damaged seedlings is beneficial. 
The weeding should be carried out by a gang of 8 to 10 coolies working 
along the lines under the supervision of a subordinate. Two coolies 
more skilled than the rest should follow with the subordinate in charge 
cutting back superfluous shoots, pruning and carrying out any weeding 
that has been omitted by the other coolies. In the case of a plantation 
that has not been very well stocked in the first rains patching all blanks 
is an important part of the work. This is best done with “ stumps ” 
and for this purpose it is as well to arrange for a nursery to be made each 
year to give one year old seedlings for ‘‘ stumps ** in the following year. 
All blanks should be staked and a hole dug in readiness for transplanting 
by stuinj)s. This is best done by a separate party following the main 
weeding i>arty. Tliis weeding should be completed not later than the 
(Uid of June. If tliere is much patching to do it should be completed 
before the end of May to give as good a start as possible. The second 
vvt‘ediiig must dej)end mainly on the vigour of growth, the amoimt and 
vigour of weeds an<l the amount of patching that has had to be done in 
the iirst weeding. In a good teak plantation where the stocking and 
vigour of the smllings is good and where there is a good stocking of 
accessory sj^eeies only a light second weeding about September should 
be necessary. The most im])ortant }>art*of the work will consist in creeper 
cutting. In a plantation wliich has liad to be patched or in which the 
seedlings art* not very vigorous a second heavy weeding will be neces¬ 
sary in August and in very inferior plantations even a third weeding 
may be neeessaiy. It cannot be sufficiently emphasized that a planta¬ 
tion tliat is successfully stocked with vigorous seedlings in the first year 
is by far the cheapest to establish. Extra expense on formation in 
ensuring success is always a sound investment as it will save subsequent 
cost of establishment. 


3. Work in the third year. 

(i) Fjkk protection. 

Even if the plantation has been burnt previous to the second rains, 
subsequent fire protection imtil the canopy is fully estabbshed and all 
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grass and weeds have been killed out is a. sine qua mm. Tlu* idea of 
replacing fire protection by early burning is believed to be wronj?. 

(ii) Weedino. 

In a good teak plantation in the third year little actual weeding is 
necessary. The canopy should already be forming, espt'cially if there 
is a stocking of accessory species. All that should be done is a slight 
cleaning where necessary and—most important- a thorough climber 
cutting. In backward plantations a thorough weeding should lie carried 
out but the best time to carry it out must depend on the vigour of the 
weeds, etc. 


4. Subsequent Work. 

(i) Cleaninob and thinnings. 

This must depend mainly on the success of the plantation. A good 
plantation can probably be left alone intlu' fourth year though it still 
remains to be seen whether thinning at the end of tlie fourth year in a 
really good jdantation on first quality locality should not be carried out. 
Although the canojiy has by then fully closed up, it is b(‘lievcd that it 
is better to leave the plantation unthinned till the Dili }ear in order to 
allow the holes to clean themselves of their lowiu* branches before cuily¬ 
ing out the thinnings. 

In a plantation that has not been so suecessiul, (leanings must con¬ 
tinue into the fourth yt'ar. 

It is not proposed to deal wdth thinnings li(*re. The^e aie still in 
the experimental stage. The writer’s views have rec ently been given 
in Burma Forest Bulletin No. 9. 

(ii) Fire protection. 

Fire protection should be very carefully earri(*(l out during the (‘arly 
years in a plantation. Early and repeat(*d burning lias 1 e(*n tried, its 
chief advantages b<*ing economy and th(‘ avoidance of an ao(‘idental 
fire at the hottest time of the year. In theory it is sound but in jiraeiice 
it is found that as long as the canopy remains open and grass and weeds 
are still present in the jilantation a fire causes considerable damage. Grass 
wrill burn sooner or later and when it burns will always cause a fierce 
fire, damaging or burning back saplings round it. This reduces the 
chances of the canopy closing up and encourages the grass eventually 
causing serious gaps, which are often extended by wind. Early and 
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repeated burning can undoubtedly be adopted as soon as the canopy 
has closed up completely and killed out all grass and weeds but even 
then it prevents the growth of an underwood which is essential to the 
well being of the plantation. The protection given to the soil in a teak 
plantation without undergrowth is very little, while the heavy drip 
of rain water from the large teak leaves is liable to cause denudation. 
An evergreen undergrowth is to be encouraged and for this purpose 
continued fire prot(‘Ction will probably be found advantageous. 
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CHAPTER VI.^NOTES ON THE REPRODUCTION OF A FEW OF 
THE OTHER IMPORTANT SPECIES. 

So far the regeneration of teak has been dealt with. The method 
of regenerating other si)ecies differs only in detail, the main lines being 
similar. It is proposed to note on a few species showing how the treat¬ 
ment differs with a view to illustrating how the characteristics of 
different species can be met. 

1. Pyinkado (Xylia dolabriformis). 

(i) Sowing. 

Pyinkado is difficult to transplant and the seed is very expensive to 
collect so that sowing at stake must be adopted. The seed germinates 
extremely well, the chief danger arising from damage by insects, especial¬ 
ly crickets, immediately after germination. Pyinkado seed germinates 
in about 5 days aftiu- rain so that V(‘ry early sowing, as is the case with 
teak, is not necessary. Three seeds pressed into slightly loosened soil> 
each in a 8(*j)arate pit round the stake, is usually the best method but 
on Hte<*p slopes owing to the danger of loosened soil being w^ashed out 
it is better to sow on small ledges cut out of the slope as in the case of 
teak. 


(ii) Spacing. 

Owing to the slowx*!* growth in the first two or three years and to the 
biiuill leaves of 2)yinkado, which do not form a canopy so rapidly as teak, 
a somewhat closer sjiacing than 6'x 0' would be beneficial. At the same 
time the cost of seed and the cost of tending a large number of plants 
per acre in the first year prevents a very close spacing being adopted. 
A spacing of 3' apart in the lines with lines varying from G' to 32' apart 
is now being tried. Owing to the increased amount of weeding necessary 
in a jpyinkado plantation it is xirobable that the closer spacing in the 
lines together with a wider spacing between lines which can be filled up 
by the broadcast sowing of accessory species is likely to lead to a fairly 
early establishment of the canopy. 

(iii) Broadcast sowing of accessory species. 

Owing to the slow^ growtli of pyinkado during the first two years 
the establishment of a dense crop of accessory sj^cies very greatly reduce 
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the cost of weeding. At the same time most of the more suitable acces¬ 
sory species usually sown with teak grow faster than pyinkado and great 
care must be taken to cut them well back near the pyinkado seedlings. 
The most suitable species so far are hmw (Adina cordifolia), and yytn- 
ma {Lagerstroemia Flos-Reginac), Pyinkado appreciates side shade and 
can stand considerable shade when young but cannot develop strongly 
undcjr cover. Hnaw is not altogether suitable as an accessory specif 
as it grows too fast and must eventually be cut out in the interests of 
the pyinka<h>, Pyinma is likely to prove a suitable mixture of a more 
permaiHmt character. Binga (Stiphegyne dive)sifolia) has not proved 
to be satisfactoiy us it grows too rapidly. Taukkyan (Terminalia 
tiytnentosa) has been sown with pyinkado but, besides being a strong 
light detuaiider, has such a similar rate of growth to pyinkado that it 
must enter into competition with it. 

(iv) Work in the Second year and after. 

Strict fire j)rotection is essential. Some pyinkado seedlings do survive 
a straw' fire but a large percentage of seedlings are killed. Weeding is 
fur more urgent in the case of 2 >yM'ado than teak and must be done as 
soon us tlie weeds start coming up. Owing to the leading shoots of 
pyinkado being veiy tender, climbers especially do much damage. Ordi¬ 
narily the first weeding should bo completed by the end of May. At 
l(*nst t>ne and luobably two more w codings are necessary later in the 
same rains. 

Subsequent weeding and cleaning must depend on the vigour of the 
cro]» and of the weeds. Although pyinkado requires w^eeding longer 
than teak it can endure a certain amoimt of shade and is not so readily 
su|)j)ressed as teak. The weeding can therefore be confined mainly to 
tlie hues, thus reducing the cost. The principal damage is done by 
climbers. I'here is no experience as yet with regard to thinnings but 
py%nkado will certainly not require such early thinning as teak. 


2. Taukkyan (Terminalia tomentosa)* 

The imthodfl of regenerating taukkyan in taungya are very similar 
to tlmse described above for teak. The seed in good years is plentiful 
and cheap to collec t and good results have been obtained by broadcast 
sowing in addition to sowing at stake. The closer stocking seems to suit 
taukkyan. 8eed germinates well and seeds from which the cotyledons 
are just emerging can be very simply transferred to stake. Weeding 
in the second year should be done early and taukkyan stands next to 
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A four-year old plantation of ytmnt (Gmtlina arborea). The plantation has just been thin na j . 
Undergrowth of pytnma (Lagti'ttroewa Flot-Rtgmai) present but not very conspicuoust 
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pyirJcado in the order in which weedings should b<* \inder1akcn, 
‘‘ Stumps’’ can be used for patching in the second year in the hauie 
way as teak. 

3. Pyinma (Lagerttroemia Flos^-Reginae). 

Except that the gro’^^th is rather slow there is little ditTuulty in 
regenerating Seed is cheap and plentiful and g<‘rniinat(.s \\ell 

and broadcast sowing is usually most successtul. PgimHu stands con¬ 
siderable water logging and is a most useful species for regenerating on 
low lying land. Its close relation, the Andaman {L, hypoJcuca), 

is even more promising and gre^ws a good dc'ul tjuicker, forming a dense 
canopy in 3 to 4 years when jdanted O'xO'. 

4. Yemane (Gmelina arborea). 

Probably a very paying crop as its growth on suitable soil is so ra])id 
that it establishes itself very early and is therefor(‘ very (‘conoinical to 
t('nd. Moreover its rapid growth allo\As of its being worked on n short 
rotation which will probably not exceed 40 y(‘nrs. On this account it is 
not very suitable for growing in small blocks with other slower growing 
species. The methods to be adojded are similar to teak, se.vi that it 
is usually found better to create nurseries and lely eniirt'ly oi» j)lanting 
as germination is more regular in a nursery, and tynianr is very ( asy to 
transplant. Seedlings u]) to a foot high ar(‘ the best siz(‘ btit care shotild 
be taken to avoid liandling the seedlings more t’ ui abso]ut(‘ly n(*cessary 
and to transfer the set'dhngs as ra])idly as possible. A s])a( ing of G'y O' 
lias usually been found suitable and with this spacing plantations should 
be established after the first weeding in the second rains. Tlunnings 
should be carried out after the fourth year but great care sliould be taken 
to do them during the cold weather as otherwise much dauiage is done 
in felling owing to the stems being soft and easily bent over during the 
rains. 
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CHAPTER Vn.-SPECIAL METHODS OF REGENERATION 
ADAPTED TO LOCAL TAUNGYA CUTTING CUSTOMS : 

The methods outlined above are adaptable to the taurujya cutting 
methods of the great majority of the population more especially on the 
Pegu Yomas. In some parts of the country, however, special types 
of cultivation exist and it may be interesting briefly to outline two or 
throe cases where the methods of regeneration have been adapted to the 
local customs. 

1. Taungya cultivation on the Shan plateau near Ma>myo. 

Recently attempts have been made to regenerate rapid growing species, 
and especially Eucalypts, for fuel and pit-props at Maymyo and near 
Namtu - the latter for the siij)X)ly of mining timber to the Burma Cor¬ 
poration. The local method is to cultivate for two years running and 
]>loughing is carried out in both years. The soil is not very rich and the 
original gn^wth especially round Mayniyo is not very dense while the 
exploitation of fuel has left insufficient material to give a good fire. 
The soil retjuires further preparation and this is done by collecting twigs, 
l<*av<‘s ami other refuse and mixing them with cow dung. This is set 
• m lire and earth is piled over it. The earth is burnt brick red and after 
ofKiling, this burnt earth is scattered over the soil. The necessity ol 
|^louglling in the second year prevents the complete stocking in the first 
year but by spacing the stakes 9' or 6' apart in lines and leaving the lines 
IH' ajiart half the area can be sown in the first year while still leaving 
room b(‘tween the lines for ploughing in the second year. The inter¬ 
mediate line can then be })lanted up in the second rains. This may 
give a somewhat uneven growth which can usually be got over by sowing 
in the first year and planting one year old seedlings in the second year. 

2. Taungya with a two years’cropping without cultivation of the soil. 

This presents little difficulty provided rhe species to be planted will 
stand a light file in the second year. The method is only possible on 
the richest soils. A crop of rice is taken off in the first year and the area 
is again burnt in the hot weather of the second year and a second crop 
is taken off the area. Tlie reproduction is of course considerably assisted 
by the second season’s free tending. In drier regions also a second 
year’s crop of sessamum is in many places taken after a fijrst crop of 
paddy. Sessamum is an even better crop than rice for the second year 
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as it does not interfere so much with the growth of the seedlings, and 
a second season’s crop is well worth encouraging, especially with slow 
growing species such as pyinlado. The chief objection in this case is 
the necessity of burning the area during the hot weather of the second 
year. 

3. Cultivation in the Dry Zone. 

Considerable areas of reserve have been taken up in the Dry Zone, 
more especially in Meiktila Division for the conservation of the fuel and 
housepost supply to the local inhabitants. Mere protection has proved 
to be inefEectual in securing a good growth mainly owing to the condi¬ 
tion of the soil, much of which had been cultivated in the past. All 
the better soils in these areas suitable for tree growth are also suitable 
for dry cultivation and are now being opened under a regular working 
j)lan combining the planting of tree seedlings at wide intervals vitli the 
cultivation of suitable oroj>s by the villagers. The cultivation comprises 
a thorough ploughing of the soil followed by a crop such as sessuinum, 
maize, millet or even tomatoes and vegetables. Cropjiing can continue 
on the same area for a number of years up to about 10 by which time 
it is thought that there should be a well established crop of tree saplings 
vhich should require little further tending. Th(‘ jirincipal species 
planted is cutch (Acacia Catechu)^ but kokko (Albkzia Lebbek) is also 
planted on the better localities and other species are b(‘ing (‘Xperi- 
meuted with. So far it is too early to say if the method is likely to 
be successful but it promises well and fulfils the gicat aim of taumiga 
regeneration, i.e., the production of a forest crop coiubined with 
cultivation of suitable areas for food crops. 

4. Regeneration with guava cultivation. 

A most interesting adaption of the method of regeneration with 
taungyas is being tried in Insein Division on the Twante Kondan. Tlie 
soil is poor and the existing forest growth has been so de])leted by ex¬ 
traction that it is no longer capable of supplying the recjuirements of 
rightholders. Near by certain Shans have been in the custom of plant¬ 
ing guavas for the Rangoon market. These men have been permitted 
to cultivate guavas inside the Reserve on condition that tree seedlings 
are planted at fairly wide spacing. A spacing of 15'x 15' has been 
adopted. Guavas come into bearing ^about the fourth year and are 
usually grown on an 8-year rotation so that by the time the guavas are 
finished the forest crop should be fully established. In the first year 
or two, vegetables also are planted, and the soil benefits considerably 
from the cultivation necessary. 
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5« Regeneration mth sugarcane and vegetables on low lying land* 

This method has given succofesfnl results in low lying land in the 
Plains Reserves in Tharrawaddy Division. Sugarcane is planted on 
banks raised above the level of the soil and the {Cultivation is extremely 
thorough. Seedlings of various species are planted out on these banks 
usually fairly late in the rains— September—after the worst flooding 
is finished. The cultivation of sugar continues for two years, the cane 
being cut mostly during the cold weather. So far results are veiy good. 
Sometimes instead of sugarcane, vegetables such as bringals, tapioca, 
and sweet potatoes are cultivated on mounds, the tree seedlings also 
being sown or planted on the mounds with equally good results. The 
great trouble in these areas is the rapid invasion of the area by grass and, 
provided the level is not too low to cause bad water-logging, the thorough 
cultivation of the soil keeps out the grass very eflectively. 

6. Application of the method where tavngya cutters cannot be 

obtained. 

The principal advantage of the faungya is that it allows of very econo¬ 
mical remuneration. There is however nothing against adopting jirecisely 
similar methods without taungya cultivation except foi cost and labour. 
Failing tau'ngya cultivation the one aim must be the very early establish¬ 
ment of a canopy in order to reduce I he cost of tending. The use of 
stumps or of large healthy nursery seedlings to ensure vigorous 
growth from the start coupled with a broadcast sowing of suitable acces¬ 
sory species will undoubtedly tend to earlier establishment. The prin¬ 
cipal extra costs over lamgya cutting will be for the original cutting, 
burning and clearing, the sowing or jdanting of the seedlings and the 
weeding in the first year. Provided thorough weeding is carried out 
in the first year, the growth at the end of the year should be much more 
vigorous than in a taungya plantation where the seedlings are subject to 
suppression by the paddy. 
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A teak plantation, (6' 6 and broadca*^0, after the clo^e of the tir*«t »‘ain«. pad<1\ or other 

crop was taken off tins area and rhoto shows the excellent growth of the teak which ha-^ l>een 
thoronghly weeded. Growth with paddy wa«s n«»t nearly «o goo U 
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CHAPTER Vm.-COSTS AND CONCLUSION. 

Rates vary considerably in different localities so it is extremely diffi¬ 
cult to give any very accurate idea of the costs of a taungya plantation. 
The following may, however, be taken as a standard for maximum 
costs for a teak plantation in Tharrawaddy Division. The rate for 
coolie labour is now Re. 1 per diem and survival and over is paid 
at Re. 1 per 100. 

The following costs are given for complete success in the first year 


Kb. a. i\ 

Fxrsi Year : per aer<\ 

Cost of seed, teak and accessory Hjtccics . . . . . 2 0 0 

Reward to taungya cutters 1,2J0 plants @ Ke. 1 per 100 . . 12 0 0 

Remission of capitation tax to taungya cutter . . . . 14 0 

Survey ........... OHO 

Inspection paths.2 0 0 

To'JAI. COST IN FIRST YKAR . . 17 12 0 

Second Year: 

lat Weeding .... ...... 200 

2nd Weeding and oroejier cutting.18 0 


Total COST TO r.M) OF sr.( ONO YKAit . . 22 4 0 

Third Year : 

Weeding .......... 200 

Total f o'-T TO KNL OF TiiiRo ykak . , 24 4 0 


The plantation should then be fully established. It will probably 
require a light cleaning and creeper cutting in the 4th year at a cost of 
Rs. 2 per acre and a thinning in the 5th or 6th year at a cost of Rs. 3 
per acre bringing up the total cost to Bs. 29-4-0 or say roughly Ks. 30 
per acre. This cost would be considerably reduced in localities where 
the price of labour is lower. The total cost amounts to 30 coolie-days 
per acre. At 8 annas per diem the cost would be Rs. 15 per acre while 
at 12 annas per diem the cost would be Rs. 22-8-0 per acic. 

,ln the case of a less successful plantation with say 80% survival the 
cost would be as follows - 


* Rs. A. P. 

First Year: yetBcre, 

Reward to taungya cutters 008 plants 12 annas per 100 . • 7 4 0 

Other expenses as before ........ 6 12 0 


[ in 1 


Total 


13 0 0 
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Second Year : Bs. A. P, 

Ifit Weeding including patching . . . . . . . 4 0 0 

2nd Weeding including patching.2 0 0 

Total to eud of tyst oNO year . . 19 0 0 

Third Year : 

Inf Weeding 300 

2nd Weeding .......... 180 

Total TO EM) oi'Tiimn yeah . . 23 8 0 

Fourth Yrnr : 

W'eeding ........... 300 


F^jth Ynii 
('leuiiiiig 

iSijth ) tni 

Thinniiiir^ 


31 8 0 


The ooMf would therefore be greater while Ihe reMilts would not be 
HO good uh ill! area that w uh fully stocked in tJie first yt ar. 

For slower growing s])eeies sucli as pifinkado or taukkyan, tliere 
would probalily be u tliird weeding at a cost of lie. 1-8-0 in the second 
year aud second wx^eding at the cost of lis. 2-0-0 in the third year but 
'otherwise the cost should be similar to that in the successful teak planta¬ 
tion and the cost at tlie end of the sixth year w^ould be Rs. 32-12-0 or 
say Rs. 33 per acre. The above costs should be taken to be the maxima 
and may often be considerably reduced. 

In the ease of regeneration wiiere ianngya cutters are not available 
and all cutting, burning, jdanting and weeding has to be done depart* 
mentally the cost may be roughly estimated as follow s :— 


IN. A. r. 

j)er acre. 

Cutting, l>uriuii;r aiul clearing . . . . . . . 15 0 0 

I’hinting, in<*luding foht of nurncry and seedh . . . 8 U 0 

Weeding in the fii-Mt year, three timen . . . , . . G 0 

W'eeding in the second year, twice . . . . . . 4 0 0 

Total to eho of 280 year . . 33 0 0 


Subnequoat costs would be the same as in an ordinary taungya planta¬ 
tion, i.e., Bs. 7 bringing up the total cost to Rs. 40. 
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Conclusion. 

The greatest advantage of the adoption of taungya cultivation for 
regeneration is that it combines the production of a food crop with the 
forest crop and renders possible at a comparatively low cost the estab¬ 
lishment of the labour force necessary. It thus solves one of the most 
diilicult problems in connection with forest work on a large and intensive 
scale. It can, however, only prove successful if the taungya cutter 
receives all consideration and if the method of introducing the forest 
crop is adapted to the local customs or crops. The writer has tri(‘d to 
outline the typical case of regeneration with taungyas and has also given 
some instances where regeneration has been adapted to local customs. 
It remains for forest officers, who are able to employ local cultivators, 
to adapt their methods similarly. 


[ U9 ] 



40 


Indian ForeH Records. 


[ VoL- XI 


APPENDIX. 

A typical programme of noorh to he carried out in the regeneration ofaformi 

wiihtaungya. 

ymt should be tehen at the Fotest yeer, i*e.* Ist April to Slst 

Seventh year before regeneration,^(Otd-Y girdling before extrEC* 

tion is necessaiy.) 

Stock-mapping of the coupe and compilation of the regeneration plan. 
(Chapter III, sections 1 to 3.) 

Girdling of teak (and other species when necessary). 

Sixth year before regeneration. 

Fifth year before regeneration. I nil. 

Fourth year before regeneration, j 

Third year before regeneration. 

Extraction of girdled teak. In the case of areas where there is no 
necessity to girdle before extraction, the stock-mapping and compila¬ 
tion of the regeneration plan would be carried out before extraction in 
llie fourth or third year before regeneration. 

Second year before regeneration.—Extraction of other species. 

The year before regeneration—Si si October. —Preparation of final 
regeneration plan, based on the original stock-map and regeneration 
plan and showing areas to be planted with the different species, to be 
completed. (Chapter III, 6.) 

31st December.— Allotment of areas to taungya cutters to be completed. 
(Chapter III, 6.) 

15th January. —Cutting of taungyas to commence. (Chapter IV.) 

15th AforcA.--Cutting of taungyas to be completed. (Chapter IV.) 

First year of regenerationr-March and April. —Collection of seed 
to be completed. Amount required should have been based on the re¬ 
generation plan. [Chapter V, 1 (i).] 

Early April. —Burning taungyas to be completed not later than 
20th April. (Chapter IV.) 

5th 3fay.—Heaping and rebuming of unbumt refuse to be completed* 
(Chapter IV.) 
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31sf Moy.—Staking and sowing of tree seeds at stake and broad- 
casting of accessory species to be completed. (In the case of teak, 
sowing should if possible be completed on suitable plots thronghont the 
area by 30ih April.) [Chapter V, 1 (iv) to (vii).J 

Middle 0 / May to Uth Sowing of field crops. {Chapter IV. 

Ju{^.~In(^pection of lines by subordinate and staking and planting 
up of blanks. [Chaptwp V, 1 (viii).] 

July to November, — Tending of tree seedlings in conjunction with the 
field crops, [Chapter V, 1 (ix).] 

November and December,--’Reaping of field crops. (Chapter IV.) 

Januorj/.—Clearing of lines, restalring and counting of seedlings 
surviving and payment of taungya cutters. Survey to be carried out 
and inspection paths made. [Chapter V, 1 (x) to (xii).] 

March, —Fire protection of regeneration. [Chapter V, 2 (i).] 

The second year.—April and May. —Fire protection to be continued 
up to the break of the rains. [Chapter V, 2 (i).] 

May.—Tmi weeding and filling of gaps to be completed by the end 
of May or 15th June at latest. [Chapter V, 2 (ii).] 

SepUmber.— ?^econA weeding. [Chapter V, 2 (ii).] 

March.—Tire protection. [Chapter V, 3 (i).J 

The third yeai, — April and ay .— Fire protection until the break of 
the raiiivs. [Chapter V, 3 (i).] 

June.— First weeding. [Chapter V, 3 (ii).] 

September.- Second weeding if necessary. [Chapter V, 3 (ii).] 

March.— Fire protection. [Chapter V, 4 (ii).] 

The fourth year,— April and May.- Fire protection until the break 
of the rains. [Chapter V, 4 (ii).] 

June and July,— Cleaning if necessaiy. [Chapter V, 4 (i).] 

March .—Fire protection. [Chapter V, 4 (ii).] 

The fifth year—April and May.—Yirc juotection. [Chaj)ter V, 4 <ji).] 

November—December ,—Cleaning, creeper cutting and thinning. 
[Chapter V, 4 (i).] 
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Part IV 


(PARTS 1, n and HI as on Title page.) 
INTRODUCTION. 

The new geneva ami HpocioH of Brenthidae described by Herr Kleine 
of the Board of Agriculture for the l^rovince of PonKuania, (lerniany. 
are based on the material in the collections of Ihe, Forest Kest;atch Insti¬ 
tute, Dehra Dun, the Indian Muse>um, (^ilcutta, and the Briiasli Museum, 
London. Our iiifomiatioii legarding the occurreiiee of s])e(ues of this 
family 111 India was until <|uite recently very me.igre. When catalogued 
by Von Schbnfeldt in th<» (hmera lns(?e.torum. and ilio ('oie ijiterorum 
CataloguB in 1908, (ifty-four species w<*re knowm from British India, 
of which only ten liad been found in India exclusive of Ihirma and ('ey Ion, 
The bionomics of the family were almost entirely unknown. St ebbing 
in 19M was able to give biological notes on only live Indian species, 
suggesting that some were ]nedaceous in the larval slage, and others 
were probably true wood- and bark bones. \\> the present time 
about 210 s]»ecies of Bnmthidae have been collected in tJie Indi in region, 
and an insight has lieen obtained into the breeding-habits and food- 
plants of several sjiecies. 

An account of the importance of tlie Brenthidae to forest trees in 
India is given in ])art 2 of the ])reseut Hword. I)eseri])iions of the 
early stages in two gtmera form the subject of part Ih 

The systematics of the oriental Brenthidae have lieei* entirely 
neglected for the last thirty-live years by British entomologists ; wc*. 
are indebted to two Italian investigators. Senna and Calaliiesi, and 
to the modern world-specialist Kleine for the progress that has beim 
n^ade in classification. 


C. F. C. BEESON, 

Forest Entdmologistf Fonst Research institute. 


February, 1924. 
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PARTI. 

Neue Brenthiden aus Britisch Indian und den 
anliegenden Gebieten. 

VON 

RICHARD KLEINE, Stettin* Germany. 


Herr Dr. (’. F. C. Beeson, Dehra Dun, veranlasste mich, das ini 
Besitz des Forest Institutes Lcfindliche Material zu boarbeiton. 
(Jleichzeltig bat micb Herr Dr. Beeson, die Brenthiden im Catal. of Ind. 
Ins. zu verfassen und ich bin auch diesem Ersuchen gern nachgekcnunen. 
Um nun den Catalog so vollstiindig wie mbglich zu machen, habe ich 
zuvor das gesamte Bienthiden material des Britischen Museums und 
des Indian Museums duH^hgesehon, bestimmt und die nouen Foimen 
festgclegt. Die neuen (lattungen und Arten sind nachstehend mitgeteilt, 

CALODROMINI. 

(U/phagogui> concmms n. sp. 

Rotbraun bis schwarzliraun, glanzend.— Kopf gedrungen, fast 
4-eckig, Huf Scdieitel und Stirn nur sehr zart und zerstreut punktiert, 
an den Soiten und am Hinterkopf mit einzelnen groben, behaarten 
Punkten. Russel kl(»l)ig, wenig schmaler als der Kopf, flach aber 
deutlich gefurcht, Vorderrand in dcr Mitte massig ciiigebuchtet, Punk- 
tierung kraftiger als auf dem Kopf. - Fiihler gedrungen, 2. Glied 
kaum liinger als das ,‘5., kegelig, 3. von ahnlicher Gestalt, gedrungen, 
4.-8. quer, erheblioh breiter als lung, 9. und 10. bodeiitond vergrossert, 
breiter als laiig, subquadratisoh, 11. stumpflich-konisch. Alle Glieder 
looker stehend, vom 9. ab plattgedriickt, Unterbehaarung nur auf dem 
11. Gliedo. Thoracalconus sehr breit und wenig entwiokelt, Furche 
breit und flach, Skulptur allgemein sehr zart und einzeln, in den 
Punkten zart, mittellang behaart,— Elytren nur mit 7 Rippen. Diese 
sind flach, kantig, so breit wie die Furclien und zerstreut, grob punktiert, 
in den Punkten behaart, Fuichon ungegitteit.—Vordersohienen mit 
kleinem aber deutliohem Raarbiuchel, Hinterschenkel zait, Keule wenig 
g^gen den Sticl abgesetzt. um tJbergang zur Keule nioht veiengt oder 
pingekerbt* Metatarsus so lang wie das 2. und 3. Glied zusammen, 
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kegelig, Klauenglied kraftig aber nioht walzig. Die groBRen Vorder- 
sobenkel Bind auf der Oberseite, etwa in der Mitte mit einer gmsen, 
ilbcr das ganze Organ reichenden trichterartigen (irube versehen • - 
Mefcasternum zerstreut, grob punktiert, solimal gefurcht. Abdomen 
ohne Punktiertung, ungefiircbfc. 

Ldn^e (total) : 8*0 mm, Breife (Prothorax) : 1 *0 mm. circa. 

Heimit: Penang. Aus Saiumlung (i. Br) ant. 

Typus im British Museum, 

Die neue Art kann vieleicht auch schwarz von Karbe sein, auf die 
braune Ausfarbung ist kein allzuhoher Went zu legen. (irundsiitzliche 
Tronnung von alien bekanntcii Arten ist der flnche Thoracaloonus, die 
oborseita gru})igen Vordorsclumkel und die (juereii, walzigtm Fiihler 
glieder. Beachtenswert sind die scliarfkaiitigeu ifijjpeii und das Fehlen 
jeder Gitterfurchung. Die iSielluiig diirfte bei dclicatus Leii sein. 

iUjjihtufiHfus conjertflifts n. sp. 

Hellschokoladenbraun, ITalsrund, Russel an don Seiten, Vorderkanto 
der Fiihlerglieder und Sc lieiikol, Schienen und l^nsen an Basis und 
Spitze s<di\vjirz, Flytreii ohm? Makel, oberseits miissig, unlerseits stark 
glanzend. - Kopf erheblich lunger als breit, ])aralhd, schwach gewi'dbt, 
ungefurcht, einzeln kraftig ]>unktieit und in don Punkten zimoilon lang 
beliaart. Soiten und Pnterseitt* sohr zart und einzeln j)unktiert, iiber 
den Augen (sino einz(‘lno, langbehaarte lbinktr(*ih(». Hiissel viol liinger 
als der Kojd, das Met.ar(»s1 rum von KojdUing<% in don basalen 2/3 noch 
wie der Kopf skulptiert und matt, naoh vorn glanzeml und sohr feiu 
punkti(jrt, Mesf) und Ih*orostrum dosgl. - 1. Fiililergliijcl krugforniig, 
2. ohne Stiel, etwa (puidralisch, 3, kurz, kogelig. 4.' 5. kaum broiter 

als lang, fast <juadratiscdi, 0. 8. viel broiter uls lang, nnch ausson spitz 

werdend, 9. und 10. von iilnilicher Gestalt, abor bodeutend lunger, (foch 
immer noch breiter als lang, 11. jdatt, stum]>fkonisch, so lang wie das 
9 und 10. zusarnmon, 1. 5. eng stehend, die folgenden locker, die dichte 

Skulptur auf dem 9. und 11. Glied nur seitlich. I'rothorax hinten 
stark verengt, (^mus })reit, flach, breitgefuroht, Bkulj)tur grob,Behaarung 
lang.— 2 Rij)})e der Elytren sohr sclimal, nur an Basis und Absturz 
breiter, alio andoren Kip])en scharf konvex, Furchen iibcrall kraftig 
gegittert.--Vorderschienen mit starkem Haarbiisclud, tfinterschenkel 
am iiborgang zur Keule oberseits eingebuclitet, unterscits fast gerado, 
Metatarsus der Hinterbeine kogelig walzig, wonigstens so lang wie das 
2. und 3. Glied zusammen.— Metasternum und Abdomen an den Seiten 
grob punktiert, sonst fast glatt, 3.— 5. d'cht ])uuktiert, Metasternum 
kurz gefuroht, 1. Abdominalsegment an der Basis mit uudeutlicber, 
kurzer Furohe. 
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ian^c (total): 9*6. —ll'Oimn. Breite (Prothorax) 1*6—1*76 nun. 

Heimat : Bunna, Ruby Mines, 2. Sttick aus Coll. Fry, von Doherty 
gesammelt. U. Dihing, Lakhimpur, Assam, 27, V. 1921 von Dr. C. F. C. 
Beeson gesammelt. 

Zahlreiche Stiickc im Indian Museum: Andaman Isl. 

Eine Vervreehselung mit irgendeiner anderen Art ist ausgeschlossen. 
Die rotbranne Farbe in Verbindung mit dcm iiber den Augen punktiert 
gefurchten und behaarten Ko})f ist bei keiner andern Art beobachtet 
Worden. Die eigenurtigc Anordnung der Fuhlerglieder babe ich bei 
keiner andern Art geselien. 


dyphagogus conf dens n. sp. 

Dem Sarnsini Senna iiahe stchend und dutch folgonde Merkmale leicht 
y.u trenneii. Die Fiibler sind von anderer (Jeslalt. 1. Glied langlich- 
knigfbrmig, 2 kegelig, kiirzer als das 3, 3.^ 0. kegelig, otwagleich lang, 

nach A'orn zii ])lat1er weidend, 7. zwar nooh von kegeliger Gestalt, aber 
fast quadralisch, 8. bieiter als lang, vordeie Kante scliief, 9.- 11. 

erhcblich vergibssert, 9. liinger als bieit, vorn abgeschriigt, ](). etwa 
(juadratisch, ebenfalls aligesrliragt, 11.8tum]»fkonisrh. Vorderschienen 
mit kuiftig<m Haarbiischel. llei Sauisihi fehlt dieser Haaibiischel 
oder er ist klein. Aiif jedeii Fall sind die Kiihlerglieder platt, linsen- 
Idrmig und iiieht lang kegelig. 

Ldngr (lotnl) : 19*0 mm. Jirclfr (Frolborax) : Ij mm. 

Ifcinnut: Siam. 

Tv])us dicMT und d(M' xorigen Ait im British Museum. 


Vyjdhogogvs fragosus n. sp. 

Dunkel scliokoladonbraun, Vorder und Seitenrand des Riissels, Kanten 
der Fuhlerglieder, Jlalsring, Kanten des Conus, der Schenkel, Schienen 
und Tarsen schwaiz, Glanz massig.* Kopf sehlank, konisch, nnchden 
Augen erweitert, Hinterrand so breit wie der Hals, Oborseitc gcwSlbt, 
dicht chagriniert und einzeln kraftig punktieit, iiber den Augen eine 
grobc, langbehaarte Punktreilie.- Metarostrum nach dem Mesorostrum 
verscbmalert, langer als das Pnirostrum, mit einer kurzen, schmalen 
Mitielfurche, in den basalen 2/3 wie der Ko])f chagriniert, nach dem 
Mesorostrum glott, glanyeiid, Punktierung im chagriniert on Teil wie 
auf dem Kopf, in der glatten Zone zart, einzeln; Mesorostrum wenig 
erweitert. Prorostrum nach dem Vorderrande keilfdvmig erweitert, 
liberal] einzeln, zart punktieit, glatt.- Fiililer gedrungen, robust, 1. 
died walzig, 2. quadratisch, 3. etwas langer als breit 4. quadratisch, 
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5.— 8. breiter als lang, 9. iind 10. qnadratisoh, 11. stump t - konisch, 
Bebaarung sehr sohwach. Conus des Protliora.x schrag, bveit, seitlich 
mit Bcharfen Kanten, am llinterrande seitlich stark ein^edriickt, Puiik- 
tierung auf der Oberseite im basalon Teil sehr grob, tief, oinzelu, uach 
dem Conus wird die Puiiktierimg flacher, kleiner und dicdiler, Seiten 
etwas weniger dicht punktiort; Oberseite matt, Seiten gliiiizeiid, Behan r- 
ung einzeln, lang.— Elytron sehr grob, tief und entferntsteheiid gegitteit, 
Sutura erhaben, dachfbrmig, 2. Uij>pe an der Basis breit und liaeli, 
sonstschmal und tiefliegend, X und 4. an der P>asis von gleieher Oosfalt, 
im ubrigen kriiftiger als die 2., die folgeiuleu scluual, die 2. I. in der 
dachen Zone durch schrage Kiele verbunden, Beluiarung einzeln. 
Hinterschonkel iiber die El}tien hinausragend, Stiel vor (h?r Keule 
ober - und uuterseits vorengt. Bebaarung ein7(»1n, Sehienen luirmal. 
Metatarsus kegelig, so lang wie <las 2. und .*). (died zusajumen, 
Klauenglied kegelig, seitlich etwas zusammenge)>resst. sternum 

Bchnuil gefureht, Abdomen ungefurelit, einzeln, zart punki.ieit. 

Lange (total) : 11*5 11*0 mm. Jirelfe (Prothorax) : 1*5 2*0 mm. 

Heintaf: Above Turn, (haro Hills, Assam 5,000 ft. 15 VII 50. 

VIII. 17. Sammler : Kem]). 

2 Exemplare im Indian Museum. 

Die Aft ist mit ron/rthtJus verwaiidt. \ on (hu sie sieh dineli den stark 
chagrinierten Kf)])f und das im basalen 5'eil gleieh b(»H(»hafVene Mt^taros 
trum, ferner dureh den ]frelt<*n Tluuaeal etuuis, (li(»rol>uste Punktierung 
desselben und durch die bislier ganz unbekannte Art der Hi])])<u)bildung 
auf den Elytron leieht unterscdieidet. ('onlvrlnlns ist eine kleine. schlanKe 
Art, fntgiKjns der gnlsst e (den i(di I fisher gt^selien babe. 


AUaeoyncInm (lejormis n. sp. 

(J Ausfarbung gleieh hrevireps Senna. Ko]ff (uheblich br(»itf^r als 
lang, Hintorrand kurz, dreieckig, ifi fhn* MiU<? eingek(jrbt, Jhink- 
tierung kraftig, einzeln, an den Augen behaait, Unterseitf? lang, biirtig 
behaart. Meta rostrum schmaler als der Ko])f, llnt<jrseite am Rande 
cckig erweitert, Mesorostrum stark erweit<‘rt, Metarostrum tlaeh filx^r 
deutlioh gefureht, auf dem Mesorostrum erweitert, Punktierfing dicht 
und tief.— 1. Filhlerglied massig gross, 2. und 5. kfgelig, gleieh Jang, 
4.— 8. viel breiter als lang, scharfkantig, 0. und 10. wenig bnuter, 
quadratisch, 11. lang konisch, so lang wiff das 0. und 10. zusammen, 
alle Gliedcrr locker gestellt, tief grubig skuljftiert, kraftig b(?haart.- Vro- 
thorax am Halse breit, godrungen, vor dem Halse breit eingedriiokt, 
die Seitenrander flach.— Auf den Elytron ist die 2. llii>])e nicht so 
deutlioh entwickolt als boi brerireps, Sonst alle.s wie dort. - 
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Met:asteraam und Abdomen breit und deutlich gefuroht und abatehend 
behaart. 

$ Mittlere Fiihlerglioder kegelig, Kopf unterseits ohne Verdickung 
auf den llandern, nur kurz und einzeln behaart, Metastemum und 
Abdomen kaiiiii griil)ig, flach eingcdriickt. 

lAtige (total): J ^ fj 7 mm. Brhte (Prothorax): 1— 1*26 mm. 
Ileimnt: Assam, Kacluigaon, (Joalpara, 15. IV. 1906. Von E. P. 
Sto])bing gesauunelt. 

Typus im Pesitz des Forest Research Institute, Dehra Dun. 
[This ai)ecies is recorded by Stebbing in Forest Bulletin No. 11, 1907, 
])p. 4.‘b 44 and figured on l^late VI, f. 11, 11« under the name of Brenthus 
Kj). (235 The information is reproduced in Indian Forest 

Insects, 1, ])j». 30], 392 under the name of Zemioses sp. C. F. C. B.] 


Optslhenoxys famulus, n. sp. 

RotlicU kastauicid)raun.— Kopf breiter als lang, Hinterrand gerade, 
schurf vom Ifalse abgesetzt, Oberseite gewolbt, uiigefurcht spiegelglatt, 
einze.ln, zerstreiit ])unktiert, in den Punkten einzeln, lang behaart; 
Unt*u*s(5ite ohiie Zahn, gerade, mit zarten, kammborstigen Haaren 
b<<setzt ; AugeJi kJein, dioht am Russel stehend.— Riissel schmaler als 
der Ko])f, gnibig vertieft. Metarostrum erweitei-t, eine dreieckige, Ver- 
tiefung bildend, dor Hand der Veiliefung ist dicht punktiert, die Vertief- 
ung H(ytzf sich auf das IVorostrum fort, dieses gegeii den Vordrrand 
stark verbieitert. • 2.- 8. Fiilderglied etwas langor als breit, walzig, 

9. 11. (died vergrossert, plattgedriickt.— Prothorax im basalen Teil 

ti(d punktiert, in (hm Punkten, namentlich an den Seiten, lang und zart 
beliaart, am liaise etwas verengt, oberhalb durch einen Queroindruck 
abg(!schloss(sn.- Elytren iihnlich = breoiceps, 2. Rippe kurz, 3. nur 
miissig erhoht, breiter als alle anderen Rippen und mit einer breiten 
Punktreihe, 8(?itenfurchen gegittert, auf den Rippen einzeln, kurz 
behaart. Beine einzeln lang behaart. - Pro-,Metastcrnum und Abdomen 
einzeln punktiert und lang, zait behaart. 

//d//^c (total) : (i*0mm. (Prothorax) : 10 mm. circa. 

livimui: Pashok, 2,000 ft., Darjeeling, E. Himalayas, 26. V.—14. 
VJ 16. Sammler : F. H. (Jravely.— 

Ty])us im Indian Museum. 

Die neue Art passt am besten zu Opisthenoxys, nur die verkurzte2. 
Ri])pe stoi-t und orinm^rt an Allavotnctrus, aber die ganze sonstige Rippen- 
bilduug, namentlich die breite 3. Rippe spricht flir die angenommene 
Uattung. Von don iibrigen OpisUhenoxys —Arten tiennt die tiefe Thorax- 
furche und die iiberail vorliandone, lange Behaarung. 

[ 128 ] 



Paot IV. ] Klbinb : Nme Brevahidm am BtitUch Indim. 


7 


Pabusambius n. g. 

Kopf breitor als lang, robust, acharf vom Halso gtvtroiint, Hintorraiul 
gerade Scheitel undeutlich gefurcht, Stirn ungefurcht, l]nl(*rseite ohiu* 
Zahn, Augen gross, fast den ganzen seitlichcn Kopf eiiinehiuiMid, iiaoli 
vorn stehend.— Metarostrunj schmaler als der Kopf, tief lu.d scluual 
gefurcht, Mesorostriun nur wenig verbreitert, ebenso gefurcht, Pro 
rostrum gegen den Vorderrand stark orwoitert, gerade. IksiK gefurcht, 
sonst glatt, Mandiboln gross, robust, untcreinander geschlagen. Kiihler 
in Kiissolbreite stehend, kurz, gedrungen, 1. (Uied kurz, dick. 2. 8. 

breiter als lang, nach vorji zu broiter imd kiirztu* werdeiid, 1).- 11. 

erheblich vorgrbssert, 9. langer als das 10., 11. lang (dliptisch, liinger 
als das 9. und 10. zusaminen, alle Ulicdcr locker stehend, 9.- 11. seitlicli 

plattgedriickt, die anderen rund.- - Prothorax eifbrmig, in der basalen 
Halfte schmal aber deutlicli gefurcht.- Elytren an der Basis gera(h». 
gegen den Absturz alhnahlich verongt und si)ltz gerundet, 2., 4. imd 0. 
Ri})pe etwas sclunaler als die andeien, an der Jbisis verscluuelzen die 
liippen der Obers ito zu einer runzeligen Paitie ; Hi]>])(;n ein/ein 

punktiert und behaart, Kurchen undeutlich gegitterl. liinteiwjhenkel 
nicht bis z ir Elytrensj)itze reichend, »Stie! breit, scluual, Keulc 
Ivlobig, seitlie * zusaniiuengedruckt, Schienen robust, nach den Tarsen 
zu keilforruig vtu* lossert, Tarsen mittelstark, Metatarsus so lang wie 
das 2. und 3. (Uied zusaimiion, Klaiuuiglie 1 zart, keulig, \'order und 
Mitte'beine mit kurzcn, lueiten Schenkeln, Si liituieii und Tars n oliiur 
besondere EigenscJiaften.- Metasternuni wduiial gefurcht. Abdomen 
ungefurcht, tiinunaht nur an den Heiten deutlich. 

Typus der (Jattung : 1\ framhdcutus n. sp. 

Ich keune keine (Jattung der oriental!schen Region in der das 1^ier 
zu bringen ware. Die hypermor]:)hen Hinterschienen verweisen es in 
eine Verwandtscliaft, die ich im Orient uberhauj>t nocli nicht geselum 
habo und die ausser dor Cuphagogus - Vorwandtschaft oigcmtlicli nur in 
der athiopischen Region starker ist. Die moiste Ahnlicdikcit besteht 
aucb mit der Oattung Metusambius Kolbc, von der sie sioh durcb die 
Art der Rippenbildung auf den Elytren und durch den scluualen Pro- 
thorax leicht trennen lasst. 

Parusambius fraudidentas n. sp. 

Dunkelkastanienbraun, am ganzen Korpor h^K^hglanzend. Koj>f 
und Riissel einzeln aber kraftig punktiert, Unterseite mit borstigcr 
Behaarung.— 1.— 8. Fiihlerglied einzeln bebcorslot, 9.-^ 11. an den 
Seiten mit kurzer, dichter Behaanftig.— Prothorax einzeln a];cr 
raoht deutlich punktiert.— Huften, Metarostrum und Abdomen einzeln 
jiber kraftig punktiert, Seine mit grober Skulptur. 
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lAnge (total): 11*0 mm. Breite (Prothorax): 1*5 mm. 

lleiimi: Above Tura, Garo Hills, Assam, 3,500—3.900 ft,, 16. VIL— 
30. VIII. 17. Sammler : Kemp. 

Typus im Indian Museum. 

STEKEODERMINI. 

(Wohales colkriivus n. sp. 

KaHianieri})raini, ^lanz(*nd. Koj)f am llintorrandc schwach eingekerbt 
obersoits sehr zart ^ofurcht, eiiizeln ])unlctiert, seitlich unter den Augen 
mit oiner Itinne, die am Hinteriande grubig veriieft ist; Augen sehr 
gross, fast deii Hiiite rand erreichend. Metarostrum so lang wie das 
J*roroKtrum, mit Ijreiter, uuf der »Stirn boginnender Mittelfurche, Mesoros- 
trum Hchmal(!r, Prorostrum nur an der Basis gcfurcht.— 2.— 10. Fuh- 
lerglied etwa gloich lang, 11. fast so lang wie das 9. undlO. zusammen, 
alle Gli(?der zart, weiss liehaart.-- Prothorax schlank, durchgehend 
tief gefuixdit, am 1 false stark zusammengeschniiit, oinzeln punktiert.— 
J^iytien duiclig(*heud 3-fu)chig, Seltenrip])en flach a))er deutlich vor- 
handen, kriiftig i)unlNt’ert. Beinc iionuaL- Meta sternum, 1. und 
2. Abdoiuinalsegment soLmal und tief gefurcht, 5. Segment glatt, nicht 
grubig vertieft. 

Lange (total): 7 mm. Breite (Prothorax): 1 mm. circa. 

Ileimnt: Ibiriua Ruby Mines. 5,500 - 5,700 ft. 

Tv])en iia Ib itish Musmmi. 

Diese Konnen der Cerohntes Arten haben im indischen Gebiet 
hishor keineii Vertii?ter. Ms niichste Art ware C. aduncns Kin. zu 
nonnen, die aber wie die in den Verwandtschaftskrois gehorende C. 
Sennoi (^ilabr. zum uet.hio])ischen (Jebiet gehort. Von aduncus trennen 
die grossen Augen, dit? in alien (Jliedern gleicli grossen Fuhlor, das lange 
Spitzenglied, (bei ist das 11. nur so lang als das 10.), der 

durclig«*hend g<*furchte Prothorax, das nicht grubig veriaefte 6. Abdo¬ 
minal segment. 

Cerohaies convisua n. sp. 

ISinfarbig kastanienbraun, gliinzend.- - Kopf am Hinterrand dreieokig 
eingekerbt und auf den Hals zuruckgezogen, ungcfurcht, zwischen den 
Augen mit boginnender Mittelfurche, Augen in halbem Durchmesser vom 
Hi liter rand des Kopfes entfernt.—Metarostrum tief gefurcht, Meso-und 
Prorostrum ungefurcht.—Fiihler: 1. Glied gross, 2. kurz, das kiirzeste 
von alien, 3.“- 10. fast gloich lang, kegelig — walzig, 11. verlangert, 
walzig, alio Glieder lang, zart, hell behaart.— Prothorax tief gefurcht. 
Die Furche ist im basalen Teil izomer tief und breit, wird nacb von^ 
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Bclmial, zuweilen limenartig, am Hal^e wieder grubig vertieft. Punktier- 
ung zart uad zerstreut, — 3. Furche auf dea Elytrea durchgehend. 
1.— 5. Rippe meist scliarf eatwickelt, die folgeade gaaz obliteriort, 
Rippea uad Furoben alle ia gleioher Breite.— Beine ohne bezondero 
Merkmale. — Metasteraum und die beiden ersten Abdoininalaegmento 
laagsgefurcht, Puaktierung zart, zerstreut, 3. und 4. Segment fast gloich 
breit, 5. an den Raadern skulptiert. 

lAnge (total): 6 mm. Breite (Protborax): 1 mm. oiroa. 

Heimat: C^Ion. 

2 Stiiok im British Museum. 

Die Art ist nur mit costaim Kleine zu vergleicbon, von dor sic sich 
folgendermasson unterscheidot: Das Metarostrum ist tief gofurcht, 
nur die 1.— 5. Rippe sind vorhaaden, die folgenden fchlen, Abdomen 
sohmal, tief gefuroht. Bei coslaius : Metarostrum ungefuroht, alio 
Rippen deutlich vorhanden, Abdomen breit und flaoh gefuroht. 


TRACHELIZINI. 

Trachelizus dividum n. tq). 

($ Rotbraun, Fiihler, Halsring, Hinierrand dos Protborax, Sutura> 
eine grosse postmediane Makel schwarzlich, Boinc verdunkelt, am ganzea 
Korper hochglanzoud. — Ko])f tief gofurcht, Furche gegen den Hala 
dreiockig orwoitort, obenso gegen den Russel, nnr zwischen den Augea 
gewdlbt, einzeln j)unktiert, Augen sehr gross, riickseitig iiber den Hals 
hiiiausragend, daher auch keine Tuberkeln am hinteren glatten Augen- 
rand, Hinterrand und obere Augenrander stark weissfilzig. - Motaros- 
trum nur mit oiner breiton, vollsttodig filzigen Furche, die am Mesoros* 
trum plotzUch eng wird. Mesorostrum tief und schmal gofurcht, Furche 
ohne Filz, an den Seiten greift die vom Mesorostrum kommonde Filz * 
partie iiber, Puaktierung einzeln, Prorostrum an der Basis krkftig 
gefuroht, zart punktiert.--2.--8. Fuhlorglied perlig, 9. und 10. etwa 
quadratisch, kugelig - walzig, 11. sehr kurz. — Prothorax tief, durch- 
gehead gefuroht, ohne jede Puaktierung. — Elytren mit stark nach 
vorn vorgozogenem, blattartigem Humerus, 2. Rippe durchgehend, 3. 
und 4. aooh an der Basis entwiokelt, auf dem Absturz treton alio wiedet 
hervor, sonst sind dieselbon obsolet und durch kriiftige Furchenpunktier- 
iing erkeaabar.— Beine normal.— Metasternura und Abdomen zart 
punktiert. 

L&nge (total); 10*0 mm. Breite (Prothorax): 2*0 lum. 

Heimat: Darjeeling : Gopaldhara, 4,720—6,200 ft. Sammler : H. 
Stevens. 
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Typus im British Museum. 

Dividuus ist mit insularis Senna am nachsten verwandt und nur 
damit zu vergleichen. Sie iinterscheidet sicb durcb folgende Merkmale: 
Die tuberkelartigen Verdickungen des Kopfes feblen ganzliob, das 
Metarostruiu ist nicbt nur “ a little shorter than tbe apical one,” sondern 
nooh nicbt halb so lang. Der Prothorax ist vollig unpunktiert, es 
fehlt daher jeder Filzbelag. An den Elytren ist der Humerus von ganz 
aufFallender (irosse und (lestalt. Die Ausfarbung der Elytren ist auch 
anders ats hei insulariM. Eh diirfte sicb urn cine Vicariante dieser Art 
bandeln. 

Anocaumra calenata n. sp. 

$ Mit proportionalift Kin. in den meisten Merkmalen ubereinstimmend, 
aber (lurch die Form des Kopfes,nanientlich unterseits, sicher srerschieden. 
Die Unterseite bildet in der Mitte einen breiten, filzigen Kiel, auf dessen 
Randern einzelne, lange Haare stehen. Nach dem Halse zu ist der 
Ko])f luilbclliptisch cnngekerbt, diese Einkerbung ist mit einem dichten, 
gc»ldgeIbon Filz bedc^ckt und einzeln behaart. Yor den Augon sind die 
Apophysen gleichfalls dicht filzig behaart. Sonst spiegelglatt. 4.--10. 
Fiihlerglied (|uer, vom 7. ab mit dichter Unterbehaarung, alle Glieder 
locker gostellt. 

Lange (total): 13 mm. Breife (l^rothorax): 1*8 — 2*0 mm. circa. 

Heitnat: Penang. 

TypuM im British Musoiun. 

(Uitmatn ist haliituell gedningener als proporhonalis.— 6or (lattungs 
charactiff vrird durch die ueue Art nur befestigt. da sicb die grundlegenden 
M(»rkmalo wiederholt haben. 

Melnlnicheli‘:ns congr^fcns n. sp. 

Mit lockeriui l<^uhlergli«d(M'n. Auf (bm Elytren ist nur noch die 2. 
Rippe voll entwickelt, alle andoreii fehUni, nur die Furchen sind auf 
dor spi(^elglatteu IHache als foine Punktieiung erkennbur. Am ganzen 
Kui 7 )er hochglauzend. Sonst mit ahjvc(n'< Kin. ubereinstinrmeud. 

iMnge (total): O’O mm. Breife (Prothorax) : 1*0 mm. ca. 

Heimaf: Assam : Sadiya. Sammler : Doherty. 

2 S3 British Museum, 

Hkmisambiat.s gen. no^^ 

(Wegen de.s nichtglanzcndeu Vorderkorpers.) 

Kopf langer als breit. bis zu den Augen parallel, hinten flach dreieokig 
eingebuohtet, oberseits undeutlioh gefurcht, platt, Seiten gerade ohue 
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Zi&lmchezi oder Eiidcerbungen, Unterseite mit linienartiger Gulargrube; 
Augen gross, nach vorn geriickt, prominent, der zwdscben Auge und 
Hinterrand liegende Teil so gross wie der Augendurchmesser.— Biissel 
scbmaler als der Kopf, Metarosferum kiirzer als Kopf oder Prorostrum, 
dreifurcbig, Mittelfurche zwischen den Augen tief beginnend, dann ver- 
flacht, Mesorostrum weing bucklig, etwas erweitert, basaler Teil so breit 
wie das Mesorostrum, gefurcht, vorderer Toil breiter, Prorostrum bis 
zum Vorderrand parallel, basalwarts schrag nach unten scharfkantig 
abfallend, nach vorn mehr stumpflich, Mittelfurche sehr breit und flaclu 
nur schmale Seitenrander lassend, Vorderrandspartie glatt, Vorderrand 
flach eingebogen, Unterseite mit einer langelliptisch-rhombischen 
Einsenkung, die auf Meta - und Prorostrum spitz verlauft; Mandibeln 
vorstehend, einen kleinen Eaum zwischen sich lassend.- Fiihler mit 
keuliger* Spitze, 2. Glied sehr kurz, qucr, 3.- 8. etwa quadratisch, 9. 
und 10. vergrossert, kugelig-elliptisch, Spitzenglied koniscb, so lang 
wie das 9. und 10. zusammen.^— Prothorax sohlank eiformig, Mittel¬ 
furche zart, g^en den Hals verldschend.— Elytren schlanlc, so breit 
wie der Prothorax, Humerus flach, Hinterrand etwas vorgezogen, alle 
Rippen voll entwickelt, 1., 2., 3. und 9. den Absturz erreichend, Rippen 
gerade, schmaler als die Furchen, diese mit flachen Gitterpunkten.— 
Beine gedrungen, Vorderchenkel breit gestielt, Stiel auf der Oberkante 
bucklig erhdht, Mittel — und Hinterschenkcl breit gestielt, ohne Buckel, 
Schienen gerade, ziemlich breit, Tarsen zart, die Glieder etwa gleichlang, 
Klauenglied scblank, keulig, so lang wie die Tarsen zusammen.— 
Metastemum durchgehend schmal gefurcht, 1. und 2. Abdominal- 
segment ungefurcht, 3. Segment langer als das 4., 5. flacL gebuckelt. 

Typus der Gattung : Hemisamblm cmtemflnR n. sp. 

Die Plazierung der neuen Gattung ist nicht einfach, well keine 
Gattung vorhanden ist an der Anlehnung stattfinden konnte. Eine 
gewisse Ahnlichkeit besteht im Habitus mit den schlanken Trachelizv^ 
Arten, wogegen die Kopfform und der eigenartige. Bau des Riissels 
sprechen. Der Kopf hat einige Ahnlichkeit mit Miolispa. Am besten 
glaube ich noch die Gattung direkt hinter Trachelizus zu stellen, wo sie 
Miolispa zwanglos veibindet. 

Hemisamblvs contemptua n. sp. 

Hellkastanienbraun, Sutura, eine postmediane Makel, Schenkel und 
Schienen an Basis und Spitze schwarzlich. Kopf und die Thoraxober- 
seite^mit Ausnahme einer schmalen Partie an der Mittelfurche stumpf 
und matt, sonst hochglanzend.— Kopf einzeln })unktiert und in den 
Punkten behaart, Unterseite ohne deutliche Punkte, Ifilnger behaart.— 
Metarostrum wie der Kopf skulptiert, Meso — und Prorostrum ausser- 
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halb der Mittelfurche kraftig, zum Teil dicht punktiert tind wenig 
bebaart. Metarostrum unterseits wie der Kopf behaart, Mesorostnon 
sehr dicht, fast zottig behaart, Haare gekriimmt.— Prothorax in der 
glanzenden Partie an der Mittelfurche grob punktiert, sonst nur sehr 
zerstreut und zart, Behaarung in den Punkten kurz.— Schenkel in der 
schwarzen Basalpartie matt, Punktierung imd Behaarung sparlich nur 
am Knie starker, Schienen wenig skulptiert.— Metastemum und die 
beiden ersten Abdominalsegmente sehr zerstreut punktiert, 3.—6, 
Segment dit ht chagriniert. 

Lange (total): 10*0 mm. Breile (Prothorax): 1*5 mm. circa, 

Heitnat : Laos : Vientiane. Sammler B. V. de Salvaza. 

Typus im British Museum. 


Hypotniolispa conjugalis n. sp. 

J Scldauk, rotbraun, llintcrkopf, Biisselkanten, Halsring, eine 
postmediane Makel aul den Elytron und Schenkel und Schienen an 
Basis und Spitze schwarz; am ganzen Korper glanzend.— Kopf 
dreieckig, mit den Aug(m breiter als lang, Hinterrand dreieckig 
eingekerbt, gewulbt, Mittelfurche sehr zart, Punktierung einzeln, zart, in 
den Ihmkttm kurz behaart, Seiten mit zwei kurzen, stumpfen Zahnehen. 
Untei*s(Mto emzelu grob, laugli<‘li punktiert, Punkte in Beihen stehend ; 
Augeu sehr gross>, den ganzen seitliehen Kopf einnehmend, fast den 
llmti-rrand des Ko{)fes beruhreiid. — Metarostrum langer als der Kopf 
alier kiirzer als dtis Prorostrum, an der Basis schmal, nach vom breiter 
gefun’ht, Punktierung oberseits und seitlich wie auf dem Kopfe, 
Mesorostnmi imissig erwcitert, platt, schmal gefurcht. Prorostrum lang, 
keilformig, KanUui rimdlich, nach vorn erweitert, an der Basis obsolet 
gefurcht, Punktierung sehr zart.— 2. Fiihlerglied quer, 3. kegelig, 
4. 8. etwa quadratisch, scliarfkautig, 9. und 10. etwas vergrossert, 
tonueuCbrinig, 11. robust, konisch, so lang wie das 9. und 10. 
zusainmen.— Prothorax grob punktiert, die Punkte stehen aUe einzeln 
und werden nach dem Halse zu schwacher, Mittelfurche kraftig.— 
Elytreu und Beine normal.--Metasternum einzeln kraftig punktiert, 
1. und' 2. Abdominalsegiuent gefurcht, 5. lang, grubig vertieft, 
Skulptur des Abdomens wie beim Metasternum.— Parameren 
messorartig, sehr zart piginentiert und an der Spitze fast hyalin, 
Borsten einzeln, gross, an der Spitze imd setl ch. Penis spitzig, nach der 
Spitze zu an den Seiten verdunkelt. $ in iiblicher Weise unterschieden. 

Lange (total): 11*0 mm. Breite (Prothorax); 1*0 mm. 

Ueifn/cU: Andaman Isl. Von BoepstorS gesammelt. 

Typos im British Museum. 
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Habituel besteht gro ste Ahnlicbkei mit denticulaia Kin., von der 
sie sich leicht dadurch trennen la st, dass dort die Wangen dreizahnig 
sind, bier nur zweizahnig. Der Begattungsapparat ist in beiden Arten 
80 verschieden, dass jede Unklarbeit ausgeachlossen ist. 


Hypomiolispa cruda n. sp. 

d Von der Gestalt dcs HyjmnioHspa Hellerif liellrotbraun Russel, 
Fuhler an den Kanten, Halsring, Sehenkel an Basis und Knie, eine 
postmediane Makel auf den Elytren und die erhabenen Kippen seitlich 
mehr oder weniger schwarz, am ganzon Korper glanzend.—Kopf 
hinten dreieckig oingekerbt, die Einkerbung setzt sich als Mittel- 
furche bis zwischen die Augen f<>rt und endigt daselbst in eincr 
grubigen Vertiefung, Skulptur aus einzelnengrossen Punkten bestehend, 
Augen gross, liinterer Augcnrand stum])f zweispitzig, daselbst einige 
lange Haare, Unterseite am Halsrande mit 3 hlzigen Einkerbungen. 
Skulptur sehr gering.— Mctarostrum liinger als der Kopf aber kiirzer 
als das Pcorostrum, gewdlbt, nicht gefurcht, vor dem Mesorostrum mit 
je einer kurzen, matten Seitenfurche, Punkticrung wie auf dem Kopfe, 
Mesorostrum wenig erweitert, kaum gewdlbt, mit schmaler, tiefer Mittel- 
furche und etwas stiirkerer Punktierung, Prorostrum schmal, scharfkantig, 
noch vorn mtoig erweitert, bis ins vordere Viertel breit gefurcht, Punk¬ 
tierung nadcisticliig, gegen den Vorderrand dichter.— 9. Ftihlerglied 
quadratiscli (ohne Stiel), 3. kegelig, etwas 1 anger als breit, 4.-5. etwa 
quadratisch, voni 6, ab mehr breit als lang, 9. und 10. vergrdssert, tonnen- 
formig, 11. stark koniscli. alle Gli der Jockerstehe-nl.— Protborax tief 
gefurcht, an der Basis stark lugos pimktiert. gegen den Hals wild die 
Punktierung scliwaclier und vers hwindet fast ganz.- Elytren nonnal.— 
Beine normal, Schienen aller B me auf der inneiil ante dicht kammaitig 
behaart.- Metasternum, 1. und 2. Abdominalsegnient zart liing furchig, 
Skulptur aus cinzebien greissereui und kleineren Punkten bestehend, 
Apiealsegment dichter pmiktieru und aiiliegend behaart. Paraiucien 
Abb. 9. Vem»=Helleri, 

Ldyige (total): 13*0 mm. Breite (Prothorax): 2'0 mm. circa. 

Heimat: Assam, Patkai, Mts. Aus Sammlung Fry. 

Typus im British Museum. 

Der Begattungsapparat hat grosse Ahnl chkeit mit Helhri, der Penis 
stimmt fast iiberein. Der allgemeine Habitus schliesst siih gleichfalls 
dieser Art an. Was von alien Hypomiolispa grundsatzl ch trennt jst 
das gewolbte, ungefurchte Metarostrum, lias hat nur die neue Art, 
Durch die schwache Punktierung des Kopfes und des vorderen Prothorax, 
femer durch den hohen allgemeinen Glanz dieser Organe besteht grosse 
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verwandtachaftliche Niihe mit nUida aus demselben Verbreitungsgebiet. 
Ea liegi bb*r ohno Zweifel «in Charakteristikum der assamiBcben Fauna 
vor. 

Hypomiolisj>a conjuncta n. sp. 

J Rotbraun, Kaiitoii d(‘s Kopfea, Riiasela und der Fiihlerglieder, 
Ilalarand, di<* Elytron in der unten bezoiebneteu Weise und die Rchenkel 
und Hehienen in iiblieluMii Tnifan^ schwarz, am ganzen Kbrper glanzend. 
Kopf wenig gew(‘)l})t, hinten bieil. dr<‘ieekig eingekeili, daraus eine tiefe, 
Bchmule, bin vor die Aiigeii ndebende Furch(* entspriiigend, Rkulptur 
Hehr gering, S(‘iten iiber den Augen eingekerbi, Waiigen init zwei atunipfen 
Zahnen, Untei>»eite flaeb gewdlbt. spiegelgbitt. Augen klein, in J Augen- 
durchme«H<*r voni Hirilerrand entferrd. M(‘tarostruni so lang wie der 
Kojd, flacdi uofnrcld, vor dem M<\H(m)striim mit kleinen Nebenfurchen, 
Mesorostnim weiiig erweitert, bueklig, ti<*f gefurcbt, Prorostruni langer 
als das Metarostrum, an der Basis flarb gefurcbt, nach vorn betrachtlich 
keilfdrmig erweitert, Funktierung allgemein sebr schwach.— 2., 4.—8. 
FiiWerglied quer, 9. und lb. etwas keg(‘lig. 0. etwa quadratiscb, 10. 
hreiter als lang, II. kurz, g drungen. koniscb.- Protliorax wie bei der 
rorigen Art. Elytn»n mit folgender Zeicbnung; durchg^^^hende Ver- 
dunkelung der Sutura und des Seilenrandes mit Ausnahnie am Humerus 
und am Absturz, eine Binde antemedian, von der Sutura Ins zum Aussen- 
ra de, eine postmediane Makcl, eine durcbgebc nde Querbinde auf dem 
Absturz. Bcine normal. - Metasternum, 1. und 2. Abdominalsegment 
gefurcbt, 5. grubig vertieft, Punktierung nur auf dem 3.--5. Segment 
dichter und tiefer. 

Ldnge (t-ot^il): O’O mm. Breifc (Protliorax) : 1*25 mm. circa. 

Heimai: Tenasserim ; Tavoy. von Doherty gesammelt. 

I’ypuR im British Museum. 

Es gibt keine Art in (lTup}>e 2 meiner Tab(‘lle.*die so gering skulptiert 
und auf den Elytron so ausgedelint geselnvarzt ware. Habituel steht 
nitida Kin. am nacbsten, gebort aber in eine ganz andere Gruppe. Ver- 
wechselung mit einer anderen Art ist sclion durcb die Art. der Elytren- 
zeichnung ganz ausgeschlossen. In der Zeicbnung bestebt Anlebnung an 
reylonim Desbr. 

HypomioUspa cohrafa n. sp. 

o Hellkaatanienbraun. glanzend. Elytron mit .schwarzer Makel, 
Hinterranddes Kopfes, Vorderrand des Prorostrums, Vorderkanten der 
Fiiblergliedtjf, Halsring des Protborax, Rcbenkel an Basis und Knie 
goschw&Tzt.— Kopf bint^n tief dreieckig eingekerbt, mit tiefer Mittel- 


^ I)i^ Oaitung Hypnmi*^i^pa Klelnc Knt. Bl. 14,1918, p. 76 It, 
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furche, gewolbt, einzeln, kriiftig pimktiert. Ai\ den Soiten ist der liintero 
Angenrand nicht gezahnt, sondern rechteckig eingekcrbt, die Einkerbung 
filzig, Unterseite mit flacher, dreieckiger Gulargrube, die aeitliohe Filz- 
partie reicht bis zur Untei*seite, Skulptur aus wenigeii zarten Punkten 
imd zerstreuten, langereii Haaren bestehend. Aug n gross, proinin(‘ul, 
in I Augendurchmevsser void Hiiiterrand eiitfenit. Metarostruin lief 
gefurcht, scharf skul|:)tiert, naeli dein Mesorostnmi zu iiiit starkeier 
Punktieruiig, Mesorostruin enig erw eitert, llach, schinal gefiirehl. knift ig 
puiiktiert, Prorostniiu fast doppelt so lang wi(^ d^is Metarostruin, naeh 
vorn alliiiiilibch breiier werdeiui, iiu basalen Toil gefuivht, Skulptur 
schwach uiid zerstnuit, nacli vorn an Diclite zunehmond. 2. Fiihltu- 
glied olme Slid (pier, 3. 8. melir oiler weniger kegelig, iiaeh vorn c.’n 

Breite zunebineixl, 9. uiid 10. gleich gross, toniiiuifia-niig, 11. koiiisch, so 
lang wi(‘ das 9. und 10. zusaninien. Protborax eiforiuigellijitisch, 
schlank, tief gefurcht, in d(‘r basalen Iliilfti^ rugos punktiert, in den 
Punkten filzig und behaart, naeh vorn wird di(‘ Punktiening zart und 
sehr zerstreut ; Prosteriiuin selir f(»in, nad(‘lstiehig einz(»ln punktiert. 
Elytren ohne besondere Merkmale. Beine sehr schlank.- Metaster- 
nutn in den basalen | gefurcht, an den Seiteii und den Hinterhlift(‘n 
kraftig punktiert, 1. und 2, Abdominalsegment breit und flach gefurcht, 
allgemein starker punktiert, 3. und 4. Segment mit je einer kriiftigui 
Punktreihe, 5. im basalen Teil gatt, gliinzend an den S den und am 
Hinterrande grob ])unktier und lauh, riinz(*lig. 

9 Nur (lurch das fadenformige Prorostrum unterschieden. 

Liinge (total) : ^ 10’5 mm. 9 (Prothorax): 1‘50 mm. 

9 1*25 mm. 

Heinuif: Ceylon: Dikoya, 3,800 l,2fK) ft. 6. XH. 81- 16.1*82, 
Bogawantalawa, 4,900—5.200 ft, 28.II.-12. Ill 82. Sammler : 0. 
Lewis. 

Typen im British Museum 

Es handelt sich um eine verbaltnismassig schl mke Form, die schon 
stark naeh compressa hinneigt. In meiner Tabelle koinmi man zii 

clavcUa, mit der sie auch ziemliche Ahnlichkeit hat. Von alien Gattungs* 
verwandten unkTscheidet sich coloifita aber leicht und grundsatzlieh 
dadurch, dass in beiden Geschlechtern die Bezahnung des hinteren 
Augenrandes fehlt und nur noch durch eine zapfenartige Vorstulpung an. 
unteren Augenrande angedeutet wird. Nun fehlt zwar einer ganzen 
Gruppe in der Gattung (lie Bezahnung, aber danii bildet der gerade 
Augenrandden Hinterrand des Kopfes imd das 9.--11 ; FubJerglied 
ist stark verlangert. Das trifft aber hier nicht zu. 

Die Stellung bei clavafa ist richtig. Es durfte sich um eine en- 
demische Art handeln. 

n 2 
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Arairorrhinus conquisitus n. sp. 

(J Botbraun, glanzend, Bussel und Fiihler an den Kanten, eine un* 
deutUche postmediane Makel auf den Elytren und Schenkel und Schienen 
an Basis und Spitze verdunkelt.— Kopf fast quadratisch, hinten gerade, 
kurz, dreieckig eingekerbt, oberseits plait, sehr schmal gefurcht, un- 
punktiert, Unterseite breit gefurcht.- - Russel kurz, Metarostruni etwa 
1 I mal kiirzer al« das Prorostrum, gefurcht, nach dem Mesorostrum 
Hteil ansteigend, stumpfkantig, Mesorostrum nicht crweitert, 
imgefurcht, vorn Metarostrum scharf abgesetzt, Prorostnim nach 
unten gebogeii, parallel, stumpfkantig, ungefurcht, zart punktiert, 
Unterseite wie dor Kopf breit gefurcht, vom Mesorostrum ab 
mit zartem Mittelkiel. 2., 4 8. Fuhlerglied fast quadratisch, 3. 

kegelig, Kanten rundlich, 9. und 10. rundlichwalzig, fast kugelig, 11. 
kouisch, so lang wie das 9. und 10. zusammcn.- - Prothorax eiformig, 
gefurcht, Furche nach vorn zarter werdend, sehr zart punktiert, am Halse 
dichter und tiefer.- 2. Rippe auf den Elytren etwas niedriger als alle 
anderen, Hinterrand stuinpfeckig.- Schenkel aller Beiue breit, Vorder- 
schienen sehr kurz, innen mit Haarbiischel, Mittel- und Hinterschienen 
langer. Tarsen normal.- Metasternum, 1. und 2. Abdoininalsegment 
gefurcht, 5. Segment grubig vertieft. 

Lange (total): 0 mm. Breite (Prothorax): 1*2 mm. circa. 

Ileimat: Perak. Sarnmler : Doherty. 

Typus iin British Museum. 

Trotz der etwas abweichonden Gestalt glaube ich doch, dass es am 
besten ist, die Art in der Gattung zu belassen. Die wichtigsten Merk- 
male linden sich wieder. Von alien bekannten Arten trennt: 1. der 
Riissel, insofern, als das Prorostrum nicht rund sondern kantig und nur 
I I mal so lang ist als das Metarostrum. Bei den anderen Arten ist es 
ineistens 3-4 mal so lang. Die Unterseite von Kopf und Russel ist 
breit gefurcht. Der Prothorax ist am liaise mehr verengt. Die Schenkel 
si lid breiter und die Vorderschienen sehr kurz. 


Araiorrhinus Beesoni n. sji. 

Kastdnienbraim, die Sutura etwas verdunkelt, kein<‘ Makel auf den 
Elytren, stark glanzend, Fumhe <les Prothorax und die Furchen oberseits 
auf den Elytren schwach filzig. - Kopf am Hinterrand in der Mitte 
flach eingekerbt, Obersoite glatt, imdeutlich punktiert, hinterer Augen- 
rand knotig vcrdickt. — Metarostrum platt, ungefurcht, erst dicht vor 
dem Mesorostrum beginnt die Furche breit, luid setzt sich breit iiber 
dem Mesorostrum bis auf das Prorostrum fort, verschwindet aber sehr 
bald.--. 3 .—8. Fiihlerglied gleichgross und von gleicher Gestalt, perli^ 
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breiter als lamg, 9, und 10. vergrdssert, 9. fast noch quadratisch, 10. 
etwas langer als breit.— Prothorax durchgehend tief und breit gefurcht. 
Punktierung sehr zart und undeutlich, seitlich hinter dem Halse eine 
matte Stelle.— 2. Bippe auf den Elytren weit unterbrochen, die fol- 
genden wellig, Bippen breiter als die Furchen, an den Seiten ebenso 
scharf als oberseits. 

Lange (total); 6 mm. Breite (Prothorax): 1*0 mm. circa. 

Heimat : Mohnyin Bes. Katha, Burma, 23. V. 1919. Von Dr. C. F. C. 
Beeson gesammelt. 

Typus im Forest Besearch Institute, Dehra Dun. 

Vier Arten sind bisher aus dem orientalischen Gebiet bekannt, alle 
von Sumatra. Von diesen scheiden exportatus Senna, ausiralicus Senna 
und so'ndaicus Senna aus, da bei denselben, wie Senna selbst angibt, 
die 2. Bippe nicht unterbrochen ist. Fiir longirostris Senna ist das aber 
nicht dirckt angegeben. Diese Art ist indessen leicht zu trennen, Weil 
bei ihr der Pro thorax nur an der Basis und auch da nur sohr zart gefurcht 
ist. Ausserdem sollen die Bippen nur leicht wellig gebogen sein. Das 
spricht dafiir, dass die 2. Bippe nicht unterbrochen, ja, nicht einmal 
verschmalert ist. Die neue Art ist also gesichert* 


Tulotus maculipennis Senna, 

Ami. Soc, Ent. Belg. 1894, XXXVIII, p. 371. 

Senna hat nur den gesehen. Ich fand 4 $ 9 Material des 
Britischen Museums. Die Geschlochter sehen sich ausserst ahnlich, da 
die bei Brenthiden sons! haufige Biisseldimorpbic gilnzlich fehlt. Das 
9 ist in folgendeii Merkmalen vonicJ unterschieden : Fiihlor gedrungen, 
2.- 10. Glied quer, viel breiter als lang, locker stehend, 11. konisch, so 
lang wie das 9. und 10. zusanimen. 1. und 2. Abdominal segment 
ungefurcht, gewolbt. 

Typus im British Museum. 

Die Fuhler konnen sich zuweilen der mannlichen Form nahern, auf 
jeden Fall ist das Abdomen beim $ immer gewolbt und ungefurcht, 
sonst genau mit dem (J ubcreinstimmend. Ausser Biimah (Buby 
Mines) demselben Fundort aus dem Sennas Stticke stanimten, fand ich 
noch : Assam und Ost-Indien : Manipur. 


d icrolrachdizus benvfcvs n. sp. . 

(J Botbraun, massig glanzend, Elytren fast siumpf, Halsrand, eine 
postmediane Makel auf den Elytren und die Schenkel an Basis und 
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Knie schwarz — Kopf am Hinterrande in dei Mitte dreieckig eingekerbt, 
dann »chmal gefurcht, Furche nach dem Piorostrum zu erweitert, einzehi 
punkfciert, in den Punkten kurz behaart. Seiten hinter den Augen 
^pfenartig erweitert.— Metarostiuni dreifurchig, Mesorostruitt 
erweitert, flach, so tief und breit wie das Metarostrum, gefurcht, 
Pro rostrum in der basalen Halfte tief gefurcht, Skulptur und Behaarung 
)>iH zura Vorderrande in gleirher Starke wie auf dem Kopf.~ Prothorax 
durchgehend gefurcht, einztdn aber doutlich punktiert und n den Punkten 
kurz, aniiegend behaart. — Hiunenw der Elytren vorgezogen, 3., 4. und 6. 
Ilippe an der Basis seharf aufgekielt. 2. Rippe zwar auf der Mitte 
vereiigt, aber nicht unterbrochen. 

IAnge (total): 5 *~G mm. Breite (Prothorax): 1*25 mm—1-5 mm. 
10 Extmplare. 

Hnnmt : Marglierita, Lakhimpui Division, Assam 22. XI. 1921. 
[Bred at Dehra Dun from log of Shorea assannaj C.F.C.B.) 

Die n.‘ue Art gehiirt in die kleine Gnippo derjenigen Arten, deren 
Metarostrum dreifureljig ist. Von den in nuherer Konkinrenz stehenden 
Arten : uccommlntns Kleine imd tahavi iSenna liat letztere die 2. Rippe 
nur in der apiralen Hnlfte entwiekelt, an der Basis fehlt sie ganz. Bei 
Ih^nefunit ist Ilippe 2 aber vollst indig vorhanden. wenn sii auch in der 
Mittf* versidimaleit ist. Ferner ha be ich bei kein^ r anderen Art den 
hint even Augenrand so verdickt gefunden. Die Trenmmg ist also leicht 
und M(‘lier. 


Mkrotruchrlizus aperias n. h|>. 

J Mil lahavi Senna am miehsten vtuwandt. Kopf am Hint errand 
tief dreieekig eingekerbt, ohue jede Furehe, gc'wblbt, ein(‘ zerstreiit^e 
mi*hr oder weiiiger tleutliehe Jbinktiening trage'd, Meta-. Me o> und 
Prorostium im basalen Toil tief gefurcht. Mittlere Fiihieiglieder ijuer, 
selia fkantig. Prothorax zart ]muktieit, 2. Jlippe auf den Elytren nur 
am At stuTz vor}iand(‘n. 

(t^)tal) : 5 mm. Hrvitx (IVothorax' : 0-75 mm. 

Helmat Borneo ; Sandakan. Von Baker gesammelt; Penang, Brit. 
Mils. Assam : U. Ddiing Res. Lakhimpur ; Nambor Res.. Sibsagar, aus 
(Vdl. Bei's n 5. t». 21. 

Tvpeu in der Sammlung de^ Forest Research lustitotes zu Dehra 
Dun und im Dresdener Mu.seum. 

Von talm-i ausser dureh den ungefurehten Kojif noch (lurch die ganz 
aiidere Anordnung der Platte auf dem 5. Abdominalsegmentgekcun- 
Z'uehnet. Die V<»rtiefnng der Platte ist nicht rund und tief, sotldem 
6lliptLs<h und flaeh Die Ihinktierung am ganzen Korper ist uasefst 
wecliselnd und kann zuweilen ganz fehlen. 
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AMORPHOCEPHALINI. 

Paus^obrenthus conterminus n, sp. 

(^Robust, violettbraun, hochglaDzend, Riinder an Kopf, Russel, 
Halsring, Schenkel und Schienen an Basis und Spitze schwarz.— Kopf 
sehr obsolet dreieckig vertieft, dem Metarostrum gcgenuber ein 
kammartiger Kiel, Augenrander erlioht, Punktierung einzeln, an den 
Augehriindern starker, ebenso in dor Vertiefung am Riisael, in den 
Exsudatporen iiberall behaart, Unterseite mit einzebion bebaarten 
Exsudatporen, Augen den ganzen seitlicben Kojrf einnchmcnd.— 
Apophysen des Metarostrums gross, in dor Mitte voitioft und mit 
dichten, bebaarten Exstidatporcn bosetzt. Bchild des Metarostrums 
gross, nach binten erweitert, spiegelblank, nur einzelne Exsudatporen 
vorbanden, die auf der Riisselkante dichter stehen, grosser sind 
und Haare tragen. Prorostrum rundlich, im baaalen Teil gefurcbt, 
einzeln punktiert. — Fiililer gleich Bakcri Gestro.—Protborax mit 
einzelnen zerstreiiten Exsudatgruben und kurzer Bebaarung.-— 
Elytron sowohl in den Furcben wie auf den obsoleten Rippen 
zart punktiert imd b(*baart. Beijie normal aber iiberall mit grossen 
bebaarten Exsudatgruben ziemlich dicbt besetzt. Metasternurn und 
Abdomen nicht gefiircbt, einzeln aber kraftig punktiert und bebaart. 

Lange (total): 12-0 mm. Breile (Protborax): 2*0 mm. 

He\nmt: Cambodia. 

T 3 ])ua im British Mu.seum. 

Di neue Art iihnelt mehr einen Tt(tamorpkocej)halaii. Wabreud 
Bafceri und concitatus dicbt pruinos sk’1] tiert sind, ist coniefminun 
ausgesproehene spiegelglatt. Jene beide 1 Arten tragen keine Exsuda- 
torgane mehr^und sind ausgeprocbeno R luLer, die neue Art dagegen 
ist noch mehr Oder \\euiger der Sympbangepasst. Die iiberall 
vorbandenen Exsudatporen beweisen das. Im iibrigen ist der 
Trutzty])us der Gattung vollstimdig ausgepragt und wild die vontiestro 
aufgestellte Diagnose nicbt beeintracbtigt. Es zeigt sich nur, dass die 
biologiscben Charactere in der Gattung keineswegs einbeitlicbe sind. 

Pausschrenihus concitalus n. sp. 

$ Habituell mit Bakeri Gestro iiboreinstimmend aber durch die 
Gestalt des Kopfes verschieden. Wabreud bei Bakeri der Kopf gegen 
das Metarostrum dreieckig vorgezogen ist und in seiniT Mitte eine tuber* 

kelartige Erhohung tr<igt ( 0 a])o.in avanti triangolarmente 

per adattarsi alls base escavata del rostro ; su qiicsta sporgenza esiste 

un piccolo tuberculo elevata, rotondeggiaiiU*.bei Gestro), ist 

bei oancitatm der Kopf vom Metarostruin durch die zwiscben den Organen 
liegende Eins enlfimg getrennt und nicht nach vom dreieckig vorgezogen. 
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Die tuberkellUailiche Erhdliimg fehlt vollstandig, die bei Baleen weit 
nach vom stehendeii Augen eind klein, bei concitatus dagegen sehr gross, 
in hbchstens ^ Augendurchmesser vom Hinterrand des Kopfes entfemt. 
Femer besteben ira Bau des Riisselschildes, wenn die Abbildung bei 
Destro riebtig ist, wiebtige Differenzen. Bei Bakeri endigt der Sebild 
nacb vom zungenfonnig verscbmlilert, bei concitaim ist er fast kreis- 
formig abgerimdet. Durcb die Gestalt des Kopfes bestebt niebt unbe- 
deutende Anlebnung an die Gattung CorduSy ich halte es aber, bevor der 
Mann vorliegt fiir besser, cotwilaius bei Pasmsobrenthm zu belassen, sebon 
wegen des eineihtlicben Gesainthabitus. 

Lange (total): 9 0 min. Brcite (Protborax): 1*5 mm. circa. 

Ueimat: Andaman Is). 

Typus im British Museum. 

Leptamorphoci^pluiius vunmitus n. sp. 

(j Kirsebrot, llalsring, Kiissel an den Kanten, Fiihlerglieder vorn, 
Hcheukel an (fer Basis, weuiger am Knie, schwarz, am ganzen Korper 
Ixochgl mzend, unbebaart. - Kopf in iiblieber Weise in der Mitte vertieft, 
ani innertui Augenalistiirz einz(*lne Exsudafgruben mil wecbselnd langer 
Btfhaarung, mittlere Partie unbebaart, unpunktiert, Unterseite mit 
einzelnen Punkten, in denselben anliegend je ein Haar. Augen gross, 
missig prominent, nach unten halbellijilLsch, Oberkante abgestutzt.— 
Apophysen des Metarostrums spatelfdnuig, durch einen schmalen Stiel 
mit dem ttiissel verbundon, Skulptur und Behaarung sebr gering. Riissel^ 
aufsatz scliildffirmig, hinten stark eingebuebtet, seitlich flach 
geschwung(*n, oberseits spiegelglatt mit einzelnen feinen Punkten, 
scitlich chagrmiert, luelir rauli. Prorostrum sebr sehmal, nach unten zu 
schrag verbreitert, gegen den Vorderrand zuniicbst verscbnialert, dann 
wieder etwas verbreitert, bis vorn gefurclit, Vorderrand sebr sehmal, 
in del Mitte nach inn(*n gebuclitet, Prorostrum in der vorderen Partie 
nut backenartigen Ervveiterungen, die an iliren hinteren Kanten borstig, 
absteluvnd behaartsind, Unterseite gerimdet, am Vorderrand kaum etwas 
verdiekt. - i.—8. Fiihlerglied etwas quadratisrh, nacb vom an Lange 
*uueli!uend,9. und 10. walzig, 11. so lang wie das 9. und 10. zusammen, 
vom sebr spitz, Gliedor niebt nodes, locker stehend. - Protborax 
ungefurebt, nur zerstreut und sebr zart punktiert.—Elytren gerippt' 
gefurclit, Rippen sehmal, scharf, Fuichen breit, 8.— 10. llippe an den 
Seiton obsolet, Punktierung in den Furchen kaum wahmehmbar.— 
Beiiu* sehr schlank, sonst obne besondere Merkmale.—Metastemum 
nur an <ier Basis grubig vertieft, Abdomen ungefurebt, Skulptur der 
Korperunterseite ausserst zart und zerstreut, 5. Abdominalsegment 
seidig bebaart. 

Ld/fg>i (total); 10*0 mm. Breite (Protborax): 1*6 mm. circa. 
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Heimat : ABsam, Patkai Mts. Sammler: Doherty, aus Sammiung 
Fry. 

Tjrpus im British Museum. 

Die neue Art ist durch die Bildung des Prorostruius vou alien andern 
grundsatzlich verschieden. Die beborsteten Anhange miissen als Trager 
der Exsudatorgane angesehen werden. Mit Ausnahme des inneren 
Augefiabsturzes fehlt jede Spur dieser Organe, eine ganz ahnliche Bildung 
kommt in der Gattung Micramorphocephalus vor und ist auch dort als 
Trager der Exsudatorgane aufzufassen. 

Leptamorphocephdlm cupidus n. sp. 

^ Kastanienbraun, glanzend.— Kopf bis in die tiefsten Partieen 
mit einzelnen behaarten Exsudatgruben, Unterseite einzeln })iinktiert 
und anliegend behaart, Augen gross, wenig prominent, nach unten 
halbelliptisch, Oberkante flacher,—Apophysen des Metaiostrums blatt- 
artig, nach vorn zu stielartig verschiniilert, einzeln })unktiert und lang 
behaart, Riisselaufsatz schildformig, hinten ticf eingebuchtet, in der 
Grundgestalt etwa quadratiscl), Seiten melir oder weniger grade, keine 
Mittelfurche, Exsudatgruben nur an den Iliindern, Behaaiung in den- 
selben kurz, auf der Oberseite sehr zerstreut und fein punktiert. Proros¬ 
trum an den Fiihlern stark verengt, dann erweitert aber viel schmaler 
als der Kopf, oberseit sehrs sohnml, scharfkantig, tief gefurcht, nach 
unten breit, schrag abfallend, Vorderrand in der Mitte etwas vorgebogen, 
Unterseite wie der Kopf skul|)tiert, am Prorostrum ellij>ti8ch erweitert, 
in der Mitte schrnal vertieft, in der Vertiefung eine nach hinten gerichtete 
zungenartige Vorstulpimg, Mandibeln kriiftig, 3. Fiihlerglied kegelig, so 
lang wie das 9., 4.—8. walzig, langer ale breit, 9. und 10. von gleicher 
Gestalt, verlangert, 11. schlank, so lang wie das 9. und 10. zusammeii, 
alle Glieder locker stehend, lang behaart. — Prothorax elliptisch, gewdlbt, 
mit zerstreuten, behaarten Punkten.— Elytren gerippt-gefurcht, 2. Ri})pe 
am Absturz unterbrochen, bis zur 7. alle scharf erhaben, von der 8. ab 
verschwommen, 2, 3, 7. durchgehend, 8. nur am Absturz deutlich, keine 
Rippe verkiirzt, Furchen breit, impunktiert.— Beine normal.— Metas- 
temum imd die beiden ersten Abdominalsegmente gefurcht, 4. kUrzer 
als das 3., 5. flach abgeplattet, hinten seitlich zusainniengedriickt, am 
Hinterrande unten gebogen. Punktierung allgemein ausserst zart, kaum 
sichtbar, Apicalsegment an den Seiten etwas dichter. 

Lange (total): 11*0 mm. Breite (Viothoiax): 1-6 nun. circa 

Hemal: India. Aus Sammiung Fry. 

Typus im British Museum. 

In alien grundsatzlichen Eigenschalten stimmt die neue Art mit der 
QattungBdiagnoee iibeftdn, so dass die Zugehorigkeit ausser Zweifel ist. 
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Walirend alle anderen LeptamorphocephaUis arten ein Prorostarum haben, 
dass nach luxten wenig erweitert ist und daduroh einen Bchmalen Vordei- 
rand hat, ist dasselbe bier auffallig verbreitert. Es ist also eine betracht- 
iiche Annaherung an die Amorphocephalus arten erkennbar. Innerhalb 
der Gattimg scheint mir laborator Kin. am nachsten zu stehen, es ist 
aber nur das ? bekannt. Eine Collission mit jener Art ist nicht zu 
befurchten, weil bei cupidm keine Rippen auf den Elytron verkiirzt 
sind, bei laborator dagegen mehrere. 

AmorphocipJudus ddicaius n. s]). 

Duukel violettbraun, <lie iiblichen schwarzen Korpertcile sich 
wenig von der dunklen Gnindfarbe abhebend, Glanz m^ig.— Dem 
coromUm (jerin. am ahnlichstcn, Kopf wie bei jener Art, die iiber den 
Augen liegtmdeu Furohen lief, hinten oflten, die hinteren Kanten iiber 
den Augen stark erlialxui, J^mktie^ung und Exsudatgruben fehlen, 
Unt(*rseite unpunktu‘rt. A])(>j)]iy.sen gross, zungenfdrmig, fest mit dem 
Metarostnun verbundeii imd keinen Zwiselienranm frei lassend. Schild 
des Metarostnitns ein iiinteu abgestumpftes Dreieck bildend, hinten 
br<‘it dreieekig ♦»iugt‘kerbt, (Ih‘ Einkerbung bi eine Furehe ausgehend. 
In dieH(‘in T<‘il ist der S<dnld stark gewolbt, vordere fliilfte ]>latt, Mittel- 
fnr<du‘ ganz obsolet, Kxsiidatgruben fehlen, nur an der Jiinteren Einbuch- 
tuug mit filzigeii Haarbuselieln. Prorostrum rundlich, scliwach skulp- 
tiert. I. Fulilerglied gross, klobig, 2. olme Stiel bndter als lang, 3. 
kegelig, e(\Nas laiiger als breit, 1 8. walzig, die voideren Glieder nach 

aussen (‘tv^,^s (dngekerbt, 9. und 10. nieht ^erlireitert, aber erheblidi 
Jtinger ala die \ongeii, II. .sehr sehlank. lang zugespitzt. Alle Glieder 
lacker stehend, nur die fliei Spitzenglieder lang grubig akulptiert, die 
ubrigen Glushr -md nur aid <1 (m- Jiuienseite wenig beliaart und 
s<*hwach skulptieit. Protliorax breit und ihich, allgeineine Jhinktierung 
zart, nur am Hinterrand jederseits der Mitte eine langdreieckige, tief- 
punktierie Partie. 2. und 3. Hijipe breiter ala die folgenden,— Heine 
normal. 

fAtige (total): 13-0 mm. Brniv (Prothorax): 3-0 nun. 

Hvimat: Karachi, India. Hammier T. R. Bell, 3. 4. 1904. 

Ohwohl e.s sich urn eine iudische Art handelt, gehdrt, delicatu^ doch 
bestimmf zu AmorphiH'^phahtsi. E.s .siiid bisher iiur afrikaniache Arten 
bekannt, dort li(‘gt das Enlsteliungszentrum. Nordlich ist die Gattnng 
am ganzen .Mittelmoer verlneitet und dringt cKtlich bis zum Kaukasus 
vor. llier verli(*roii sich dit» Spuren, und es treten im Osten andere 
Gattungen auf. In Ostindien sellwt lebeii nur wenige Arten der Gattung 
Leptam>rphHrphaliu*<, Die Feststellung der neuen Art ist insofern von 
grdsster Wiohtigkeit, als daduroh bewiesen wird, dass Aftmphacephdm 
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tatsaohlicli moh Osten vorgedrungen ist und die ostlkhenji^Formeii 
davon abgeleitet sind. Es ist nicht unmoglich, dass in Persian und 
Belutschistan die Gattimg ebenfalls vertoreten und niir noch nicht aufge- 
funden ist. Karachi diirfte vielleicht der ostlichste Punkt sein, den 
Amorphocephalus erreicht hat. Es scheint mir auch kein Zufall zu seiu, 
dass ddicatus dem coronatus am ahnlichsten steht, denn dieso Art ist 
die einzige, die weit nach Osten geht. Jedenfalls ist die neue Ait einer 
der zoogeographisch wichtigsten Funde, die ich kennen gelernt habe. 

[A second specimen of delicatusy a male, was taken by T. K. Bell 
also in Karachi on 2, Apiil 1906, C. F. C. B.] 

ARRHENODINI. 

pEROBYOHonES n. gen. 

^ Kopf breiter ala lang, Hinterrand breit und tief dreiecklg 
eingekerbt, in der Mitte der Einkerbung eine zapfenartige Voi Htiilpuug 
zwischenden Augen qiiercingedruckt, daim wieder erhoht und in eine 
breite, tiefe Mittelfurche ilbergehend, hintere Augonivanten sehr scharf, 
Gultireindruck auf dv>r Untersoito sehr klein, unter den Augen eine 
grobe Punktureihe, Augen gross, fast den ganzen scitlichen Kopf 
einnelunend. Metaroa-tnim llinger als der Kopf aber klirzer als das Pro- 
rostrum, tief gefurcht, nach dem Mesorostrum zu verflacheud. Seiten 
wellig, Unterseite gekielt, Punktierung wie auf dem Kopfe. keifie 
Apophysen, Mesorostnun liachmilssig erweitert, sclunai gefurcht, FuT<;he 
nach dem Prorostrum erweitert, fhorostruiu an der Ihisis scluttal, 
kuntig, nachvorn wenig erweitert und nur am \ orde rrand mit runden 
Kanten, Rander nur rn'issig gedornt, aber durehgiingig warzig skulptiert, 
Mandibeln klein, Fuhler gedrungen den J^rothorax nicht iiberragend, 1. 
(Jlied gross, keulig, 2. fast quadratisch, 3. und 4. kegelig. 5.- 8. mehi* 

zylindrisch, unter sich fast gleichlang 9. and 10. von gleicher Foim, 
etwas langer, 11. schlank, so lang wie das, 9. und 10. zusainmen, alJe 
Ulieder locker stehond, nach vorn mit zunehmeiider liehaarung.- - 
Prothorax eifonuig, ung(‘furcht, gewbJbt, Prosiernum gewolbt.-- ■ 
Elylrenan der Basis geiade, nach dem Abstuiz zu allmahlich ver- 
schmalert, Hintoreckeii rundlich. gitterfuichig, mit Schmuckzeichnung.-^ - 
Beine schlank, Vorderbeine am giossten, Vordeisclnmkel lobust, mit 
auffallend langom T)orn auf der Mitte, Mittel, und IJinter-scheiikel 
kurz gedornt, schlank, \'orderschieneii gekrummt, iiu vouleren Drittel 
stumpf erweitert, nicht gedornt, die iibrigen Schi<*n(*n gerade, schlank, 
Tarsen ohne besondero Merkmale.- ‘Metasternum sclimal und tief 
gefurcht. 1. und 2. Abdominalsegment breit und flach gefuiclit, 
letzteres hinten schmal, leistenartig abgesctzt. Quernaht tief, 3. 
Segment langer als das 4, 5. stark borstig behaart. 
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Typu® Gattung : P. Arrom n. sp. 

Die neue Gattung gehort in die Oryckodes —Verwandtschaft und 
zwar zur Gruppe derjenigen Gattungen, deren Yorderscliienen 
gekrummt sind. Wenn die bei Caen oryckodes Kin. und Henorychodes 
Kin. vorhan lenen starken Schienendorne auch fehlen, so ist diese Stelle 
doch stark vorgewolht und lassi den Dorn ala stumpfe Erweiterung 
orkennen. Von Oryckodes trennen die gegitterten Elytren, von Henory- 
chodes der ganz andere, seitlich nicht erweiterte Kopf. Die Gestalt des- 
selben ist iiberhaupt so appart wie ioh ihn nocb bei keiner anderen Gattung 
des Tribus gesehen babe. 

Perorychodes Arrowi n. sp. 

Violcttbraun, gliinzcnd, Elytron sohwarz, matt, Schmuckzeichnung 
lilutrot, Skulptur auf Koj)f und Russel aus zerstreuten Punkten beste- 
Ikeud. IVoroHtruin warzig skulptiert. Protliorax iiiisserst fein zcrstreut 
puiiktieit. Lage der Schmuckzeichnung : 3. Rippe kurzer Streifen 
basal, ante und postmedian und apical, 4. je ein kuzer Streifen ante - - 
und postmedian, 5. postmedian, 0. ein kurzes Streifclien im vorderen 
Drittel und postmedian, 8. und 9. jo cine Posthumerale, letztere auch 
mit kurzem Apicalstreifcn. Mtitastornum wie der Prothorax skulptiert. 
Abdomen etwas starker. 

Ijdnge (total) : 20 mm. Breife (Prothorax): 4 0 mm. 

Ilnnuit : India ; Allahabad. 

Ich widme diese schonc Art Herrn Dr. Arrow in London, fur seine 
imeigeniiut/jgen HemuUungen und Unterstutzungen meiner Studien. 

II emurrychodes dissonus n. sp. 

S Hellrotbraun, Elytren etwas dunkler, Schmuckzeichnung hellgelb, 
auf d<‘n Elytren postmedian eine schwarzliche Makel, Prothorax und 
Ko])f ganz matt, Elytren m'lssig. Metasternum, Abdomen und Beine stark 
gliinzend. Kojjf gewblbt, flach gefurcht, einzeln zart punktiert, einzeln 
lang behaart, Unterseite mit grober Punktreihe unter den Augen, in don 
l^inkten einzeln behaart, keine zottigo Behaarung. Metarostrum 
gtdiirehL seitlich vor don Augen mit luehreren grossen Punkten, 
Unterseite wio der Kopf grob punktiert, ubciall wie auf dem 
Ko])f mit <‘inzelnen Haaren, Mesorostrum bucklig erhoht, Mittelfurohe 
so brcit wie auf dem Kopfe, soharfkantig, Prorostrum obeiseits schwarh 
gezahnt, vorn warzig skulptiert. Meso-und Prorostrum unterseits an 
lien Kanten dicht behbaart.— 3. — 8. Ftihlerglied etwa gleichlang, die 
basalen kegelig, nach vorn zu mehr walzig, 9. und 10. walzig, etwas 
laager als die vorhergehenden, 11. lang zugespitzt, so lang wie das 9. 
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und 10. ZTisanuaen, alle Qlieder locker etehend, kraftig behaart.— Pro- 
thorax einzeln imd sehr zart punktiert, in den Punkten anliegend behaart. 
— El 3 rfcren seitlioh parallel, g^en den Absturz allmahlich vcrschmalert, 
hintere Aussenecken stumpfspitzig, 1.— 3. Rippe breit und flach, die 
folgenden schmal, aufgewolbt, 1 —3. Furche schmal, Punktierung 
klein, .die folgenden Furohen breit, gegittert. Lage der Schniuckzeich' 
nung : 3. Rippe je ein Streifen postmedian und apical, 4. je eiu 
mittellanger Streifen postbusal und median, ein kurzes Streifchen post- 
median, 5. kurzer Basalstreifen und dosgl. postmedian, 0. kurzerStrei- 
feu antemedian, 7. mittellanger Streifen postmedian, 8. langer posthu- 
meraler und kurzer Streifen postmedian, 9. kurze Posthumerale und 
Apicale.—Seine normal- Metasterniim und Abdomen nur sehr zart 
punktiert, 2.—6. Segment an den Seiteii dicht behaart. 

$ nur durch das stielrunde Prorostrum unterschieden, 

Lange (totaX) 11—"12 mm. (Prothorax): 2 0 luiu. ciioa. 

Ileimat : Perak, Sammler : Doherty. Aus Coll. Fry. 

Typen 1<^, 3 $$ im British Museum. 

Habituell mit cambodjensis Kin. am nachsten veiwandt, zunachst 
duich die ganz andere, iibrigens durchaus konstantc Schmuckzcichnung 
verschieden. Der Begattungsapparat ist aber ganz anders geformt und 
ahnelt mehr modesius Kin., mit der auoh durch das behaarte Prosternum 
Geineinschaft besteht. Es ist also auf die Schmuckzeichnung zu achten. 
Es diirfte sich um eine Variante von modest us handeln. Die schwarze 
Makel auf den Elytren kann sehr schwach werden oder ganz fehlen. 

Hemiorychodes curvus n. sp. 

Prothorax, Kopf und Russel violcttbraun, heller bis tiefbcliwarzb- 
raun matt, Elytren sobwarz, glanzend, Schmuckzeichnung hellrotgelb, 
sich scharf vender Grundfarbe abhebend. Unterseite roibraun Heine 
desgleiohen, hochglanzend.- Kopf oberseits einzeln punktiert, iiber den 
Augen und auf dem Metarostrum seitlich anliegend kriiftig behaart, 
Mittelfurche deutbeh, die Punktierung auf der Unterseite mit je einem 
Haar im Punkt.- Metarostrum breit gefurcht, sehr einzeln, zart punktiert, 
Seiten und Unterseite wie die Kopfunterseite beschaffen, Mesorostrimi 
halbrund, seitlich erv^eitert. Aussenrtinder aufgebogen, die voni Metaros¬ 
trum kommende Mittelfurche nur bis zur Mitte r<*ichend, dann scharf 
abgebrochen, an der Abbruchstelle bucklig verdickt, Prorostrum mit 
kriiftigen Zahnen auf den Seitenkanten im Basalteil, sonst mit warziger 
Skulptur, Unterseite lang zottig behaart.— 2. 5. Fiihlerglicd kegelig, 
die folgenden walzig, alle Glieder locker stehend.- Prothorax ausserst 
xart punktiert, sehr undeutlich, in den Punkten einzeln, anliegend kurz 
behaart, im basalen Teil mit undeutlicher Mittelfurche. I^age der 
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^Sohmiickzeiclinung auf den El 3 rtren : Kippe 3 je ein kleiner Streifen post 
median und apical, 4 ein kurzer Streifen postbasal, ante — und post- 
median, 5 basal und posomodian, 6 je ein Punkt ante - - und postmedian 
von denen der vordere fehlen kann, 7 kleiner Streifen postmedian, 8 
posthu!ri<»ral, ft des^leiehen und apicaJ, 2. und 3. Rippe auf der Mitte bis 
gegen den Alisturz platt, })reit, sonst normal tief gitterfurchig, hintere 
AuHseneckeii stuiupflich zugespitzt. Beine normal. - Unterseitc des 
K5q>erH s«'lir zerstreut und zart punktieit. 

//dw//e (total); ^ II—10 mm. Breite (Frothorax): ^ $ 2—3 mm. 

Ilelmol: India. Manipur ; Biinna, Kubv Mines, Perak, Sammler: 
Dohert y. 

T\ pen iju Ikitish Mu.seum. 

\*(Mi den ])ekaimten Art on durcli den lk^gattungHa})parat getrennt. 
Von durch die behaatten oberen Augenrander, von rnodestus 

dundi die helle vSclimuckzeicbung verschieden. Von beiden Arten durch 
die ganz aiidere Anlago del Schmuekzeichnung leicht zutrennen. 

t)i({ VariatioiiK})r(‘ite ist ziemlich betraehtlicl). Sie erstreckt sioh auf 
Grdsse und Aiisfiirbung, weuiger auf die Skulptur. Ganz unberiihrt von 
der Variation bleibt die Schmuckzeiohnung. 

Die bialier bekannteu Arten Htamiuen von C'ambodia, cariHus schliesst 
sioh dein ungozwungeii an und erreicht in Hr. Indien die Westgrenze. 

IIem ionjvhodeii awtej tH n. sp. 

9 Hellviolottbraun, miissig glanzend.- Kopf, Meta-und Mesorostrum 
kriiftig punktiert, fast grut)ig, rnterseite nicht zottig behaart, iiberhaupt 
ohne jode Behaarung, Prorostrum stielrund, glatt.—Fiihler normal.— 
Prothorax nur zorstroul punktierl. 2. Hi])pe dor Elytron schmaler als 
die 3 . (fitterimg tief rugos, Hip])eij ruiidlicli, Lage dor Scluuuokzei* 
ohuung : Rippo 3 la»iger Basalstreitou. kurzerer postmedian und apical, 

4 je oil! kurzer ante luui postmedian, o kleiner Basalflwk desgleichen 
antemedian vor deni Streifen auf 1 und postmedian, i\ ])ostmedian ein 
kleiner Streifen, S Posthumeralo, kurzer A])icalstreifen, Hinterrand 
winklig, Beine normal, A'nrdersehenkel und »Schionen kurz behaart. 
Metasternum nur an der Basis eingedriickt. Abdomen ungefurcht, 
Ihmktioning oinzoln aber kraftig. 

Ijdnge (total): 15*0 mm. Breite (Prothorax) : 2*5 imn. 

// eimat: Gambodia. 

Typus im British Museum. 

Die neuo Art unterschci<iot sioh von alien anderen durch den stark 
gliinzeuden Prothorax, durch das Fehlen jeder Behaarung auf der Unter- 
seite des Kopfes und Russels. feriuKr dtiroh die starke Skulptur des era- 
teren und durch die ganz andere Anlage der Sohmuekzeiehnung. 
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Hemiorychodes continenti n. sp. 

(J Dimkelviolettbraun, Sohmuokzeiohnung 8chniutzig{?elb, Olanz aehr 
maasig--Kopf zwischen den Augen mit obaoletcr Kureh<‘, eiiizoln 
punktiert und in den Punkten kurz behaart, Unterseite mit je oinor 
groben Punktreihe, in den Punkten behaart. Meta rostrum tiefgefuu^ht. 
an den Seiten mit einzclnen grossen groben Punkten und kriiftiger l^eha- 
arung, Unterseits wie beim Kopf, Mesorostium verbieiteit aber Ha eh, 
Furche verschmnleit, Unterseite gekielt, an deii Seiten zot-tig bebmit 
Prorostrum orweiteit, basal mit dornigen, zaekigen Hjindern, Skulptur, 
warzig, Unterseite nicht belmait. nadelstichig punktiert. 2. Kiihlerglied 
kurz, 3. lang, kegelig, so laiig wie das 9. oder 10, von iihnlicher Foim 
aber kiirzer, 0. und 8. walzig, ctwas lilnger als })reit, 9. und 10. nieht 
verbreitert aber verliingeit, 11. lang, konisch, wenigstens so lang wie das 
9. und 10 zusammen, alle (ilieder mit grober Skulptur und locker stehend. 
Prothorax zart und einzeln punktiert und kurz behaait. Kl>tren tim 
Hinterrande flach eingeachnitten, Lage der Sclimuckzeichuung : Kippe 3 
basaler Punkt, Streifen median, postmedian und apical, 1 lang basal, kurz 
median und postmedian, 5 mittellang, basal, sehr kurz antemedian. 
mittelang postmedian, G ante und poatmedian. 7 kurz ante und 
raittelang postmedian, 8 posthumeral und postmedian, 9 basak pc^sthu- 
meral, apiqgl- Peine normal. XTnterseite massig punktiert, 3. 5. 

Abdominals^ment an den Seiten behaart. 

Lange (total) : 1G*0 mm. BreAtc (Prothorax) : 2*5 imn. 

Heimaf: Penang. 

Typus im British Museum. 

Von den bisher bekannten Aiten ist modestuK auf der Unterseite 
des Nostrums zottig behaart. Die Trennung ist. durch die ganz veran- 
derten Anlagen der Schmuckzeiehnung leicht gegeben. 


Pseitdorgchodes d^itnnosfis n. sp. 

^ Kastanienbrauu in wechselnder Tiefe, Halsring, Hinterrand des 
Kopfes, Riissel und Fiihlerglieder an den Kanten, Schenkel und Schienen 
an Basis und Spitze mehr oder weniger verdunkelt, Schmuckzeiehnung 
schmutzigrotgelb, wenig von der (Irundfarbe abstechend, Olanz am 
ganzen Kbrper mittelstark.* Kopf breiter als lang, Hinterrand gerade, 
Aussenecken stumpfkantig, Oberseitegewolbt, ungefurcht. mit Ausnahme 
einer Mittellinie kriiftig punktiert, iu den Punkten anliegend behaart, 
Unterseite mit tiefer Oulargriibe und P2 Reihen grober Punkt e, in den 
Punkten je ein Haar stehend, Augen sehr gross, prominent.* Motarostrum 
gegen das Mesorostrum wenig verengt, Mittelfiirche an den Augen flach 
keilfflTmig b^nnend, nach dem Mesorostrum zumit stark erhabenen 
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kielartigen BoDdern, so dass die Furche sehr tief wird, Skulptnr mit 
Aussahme der Mittolinio aus eimelnen kraftigen und bebaarten Punkten 
bestehend. Auf dem Mesorogtrum setzen siobdie erhabenen Furohen- 
kanten fort, verflachen dann etwas, Mittelfurche verscbmalert, seitliche 
Erweiterungcn platt, halbelliptiBch, Skulptur und Bebaaning wie auf dem 
Metarostrum, Prorostnun robust, nach vorn aufPillig verbreitert, Vorder- 
rand flacb, broit eingebuchtet, Seitenkanten im basalen Teil scharfkantig 
erhaben, siigeziihnig, dann plotzlich abgebrochen und flacb, Punktierung 
an der Basis fehlend, sons! warzig. Unterseitc mit soharfem glattem 
Mittelkiel, die Seitenkanten grob punktiert und in den Punkten lang 
behaart. 2. Fiiblerglied etwa (juadratisch, 3. lang, kegelig, 4. und 5. 
von iihnlicher (Jestalt a])er kiirzer, die folgenden walzig, 6.— 8. quadra- 
tirtcb, 9 und 10 zyliiidrisch, 11. allmHhlich zugespitzt, so lang wie das 9. 
und 10 ziisanunen. Alle (llieder locker stehend, stark grubig punk- 
tiort, vom 4. ab mit rugoser Ljingsskulptur Prothorax eifoimig, 
nadelstichig punktiert und anliegend bebaart, Prosternum unbebaart.— 
Elytren an der Basis gerade, nach dem Absturz zu allmahilch verschma- 
lert, - Hintereckeii stumpflich zugespitzt, nach der Innennabt dreieckig 
eingekerbi. Lage der Schmuckzeichnung : Abb.- 10. Beine normal— 
Metnstornum, 1. und 2. Abdominalsegment zart, zerstreut punktiert, 
3 -5 Segment an den Seiteii kriiftig punktiert und zottig behaart, 

$ Prorostnim drehrund, Abdomen ungefurcht. 

lAnge (total) : f 17*0 mm. o 17*5 mm. hreite (Prothorax): (J3*0 mm. 

$ 3*0 mm. 

llvimil: Perak. Sanuuler : Doherty. Aus Sammlung Fry. 

Typen im British Museiun. 

Alle Ptteu(lorifchixle^s-Art(sn liaben eiu schmaleres Proroatrum, bei 
keiner (iudet sich eine so aufEallende Zahnbildung an den Kanton des 
Prorostrums. Infolge di(‘scr eigenartigen Bezahnung macht der 
einen abweicheiideii Eindruck. Trotzdem liabe icb die neue Art bei 
dergatluug belnssen, well alle sonstigen Eigenschaften durchaus mit 
dor (bittunggsdiagnose ubereinstinunen. Die Pseudoryef^odes-Arten sind 
obnehiii nicht einheitlich und der (Jattungsbegriff ist nicht zu eng zu 
ziehen. Er muss so Allgemein bleiben, w ie ich ihn in dor Bestimmungs- 
tabelbt meiner Arbeit (Arch. Nat. 80. 1920, 82 ff.) gegeben habe. Auf dem 
Pr(»thoVax lindet sieh librigens die Andeutung einer Mittelfurche. 

Suborychode4 delecUxhilis n. sp. 

Einfarbig sobwarz, Fiihler uud Beine schwarzbraun, Glanz massig 
— Kopf obne Mittelfurche, Seiten vor den Augen mit etwa 6 tiefen 
Punkten, die zum TeiJ auf dem Metarostrum stehen, Unterseite an den 
Augen mit mehreren tiefen Punkten, weitere Punktierung fehlt,— 
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MittelfutCuhe des Metarostrums tief, Uxiterseite mit meluereix grobeu 
Puiikteai neben der Mittellixiie, Mesotostrum scbmal gefurebt, Punktier* 
ung sebr gering.— Prothorax unpunktiert.— 1. und 2. Rippe auf 
Elytrea tief und schmal, 1. u. 2. Furche tief, die folgendeii uur am 
Absturz und in der in Abbildung 11 gegebenen Weise angeordnet* 
Metastemum, 1. und 2. Abdominal segment kraftiggefurcht, 3. und 4. 
an den Seiten behaart, 5. an den Seiten eingedriickt, nur an der Basis 
behaart, Punktierung fast fehltnd. 

Lange (total): 13-0 mm. Breite (Prothorax): 2*0 mm. 

Heimat: Es ist keine Patria angegcben, das Tier kann aber niii 
entweder aus Indien oder Assam stammen. Ich glaube aber mehr, dass 
Indien selbst in Frage kommt, denn die allgemeino tiefe Farbe ist in 
Assam nicht zu linden und das StiicL fand sich auch mit anderm Material 
aus diesem Gebiet vor. [Probably ex Coll, T. R. Bell, Kanara. O.F.C.B.J 

Typus in Forest Research Institute, Dehra Dun. 

Die einzige verwandte Art ist in Malakka, Assam und Jndien gelundeu 
worden (intermedius Kin.) Von dieser trennt die scliwaize Farbe, eine 
Seltenheit bei den Arrhcnodini. Es kann sich um eine melanistische 
Form handeln, die Schmuckzeichnung ist nicht erkennbar. Die Differ- 
enzen gegen intermedius sind folgende : Kopf mehr rhombiseh, Augen 
den Hinterrand nicht beruhrend, Metarostrum cinfurchig, SeitenfurcLe 
fehlend, Seiten mit tiefen Punkten, Prorostrum schmaler, nach vorn 
weniger erweitert, Aussenecken nicht bedornt, Fuhler mehr schlank, 
auf den Elytren neben der Sutura nur noch eine tide Rippe, w^irend 
es bei intermedius zwei sind. Davon ist die 3. (2. neben der Sutura) 
sehr breit. Es ist die neue Art also bestimrat . on intenm^dius sehr 
verschieden, die Gattung kann die Art aber mit einschlicssen. 

Parorychodes cereus n. sp. 

cJ Dunkel, kastanienbraun bis violettbraun, Proiostrum mehr oder 
weniger, Vorderkanten der Fiihlerglieder, Halsrand des Prothorax und 
Schenkel und Schienen an Basis und Knie schw&rzlich, Glanz massig.— 
Kopf ungefurcht, Hinterrand gerade, Punktierung einzeln, Unterseite 
mit warziger Skulptur, Augen gross, fast den ganzen seitlichen Kopf 
einnehmend.— Metarostrum kiirzer als das Prorostnim, nach vom 
verengt, breit, flach gefurcht, Skulptur auf Ober — und Unterseite wie 
beim Kopf6, vor den Augen mit undeutlichen Apophysen. Mesorostrum 
flach, wie das Metarostrum gefurcht. Prorostrum an der Basis scharf- 
kantig, nach unten schrag erweitert, nach dem Vorderrande zu fast auf 
Eopfbreite erweitert, Uberall kraftig warzig jskulptiert, Vorderrand tief 
eingebuchtet. Unterseite des Mesorostrums und des Prorostrums im 
basalen Teil gekielt, nach dem Vorderrand zu verflacht. MandiLeln 
einen kleinen freien Baum einschliessend^ Vom Fflhlezglied 
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an Linge zunelunend, die folgenden, bis znm 10. einscUiesshch etwa 
gleich lang, 11. laugspitzig, 1.—5. kegelig, 6.—11. walzig, vom 4. abmit 
dicbter Unterbebaanmg.— Prothorax fast ganz diirchgehend gefurcht, 
Punktierung einzein, zart, Seiten warzig skulptiert, Prosternum abgeplat- 
tet, mit ohnlicher Skulptur.—^Auf den El 3 rtren 4 deutliche Eippen, die 
uach den Seiten in grobe Punktstreifen iibergehen, auf dem Absturz sind 
alle Rippen scharf ausgebildet. Schmuckzeichnung in gleicher Anlage 
wie bei degener Senna.— Voider—imd Mittelschenkel keulig, Hinter- 
Bchenkel an der Basis auf der Oberkante bucklig verdickt, sehr breit und 
platt, fast rechteckig, Schenkeldorn klein, Uuterkante einzein behaart, 
Vorderschienen niclit gekriimriit, ungedornt, Tarsen normal.— Metaster¬ 
num und A bdoiiiinalsegmenie 1. und 2. kraftig langsgefurcht, Punktier¬ 
ung sehr zerstreut, 3. und 4. starker, 5. sehr dicht und kraftig punktiert, 
an den Seiten und dem Ilinterrand dieht behaart. 

Kopf gedrung(‘n, Metarostrum sehr kurz, Prorostrum lang faden- 
fOrmig, Seitenskulptur des Prothorax fast fehlend, Hinterschenkel etwas 
schwacher ausgebildet, 

Lange (total) : 20 mm. Breite (Prothorax) 3*0 mm. 

$ 17*5 mm. 3*0 mm. 

Heitnat: Nambor Res., Sibsagar, Assam. 29 IV. 1921. von C.F.C. 
Beeson gesammolt. 

Cereus gehOrt in die Nahe von degener Senna, unterscheidet sich gut 
durch folgende iMerkmale. Der Koj)f ist am Hinterrand nicht emgekerbt 
sondern gerade, der Pro thorax ist bestimmt punktiert; auf alle Falle 
aber durch die stark erweiterten Hinterschenkel. Es diirfte sich um 
eine Vikariante des in Birmah und auf den Andamanen lebenden 
degener handeln. 


Calorychodes n. g. 

Schbn, Orgehodes gen. Breath. 

J Kopf quer, viel breiter als lang. hinten gerade, Oberseite platt, flach 
gefurcht, Unterseite platt, Gulargrube tief, dreieckig, Augen sehr grob, 
den ganzen seitlichen Kopf einnehmend, ])rominent, hinter den Augen 
nur ein ganz schinaler Kopfstreifen.— Metarostrum kurz, nur so lang wie 
der Kopf, Mittelfurche breit, in Niihe des Mesorostrums mit kielartig 
erhabenen, rundlichen Kanten, Apophysen vor den Augen klein, eine 
kleine unten und oben gelegene Briicke bildend, Mesorostrum mit halb- 
rechteckigen £rweiterungen, Mittelfurche wie auf dem Metarostrum 
mit stark aufgebogenen Kanten, mitten auf dem Mesorostrum ein fiacher 
niedriger Querbalken, Prorostrum viel longer als das Metarostrum, breit 
auf dem Mesorostrum ansitzend und erheblich nach vorn verbreitert 
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Seiteokanten im baealeu Teil erhabea, breitka&tig, in den Mitte breit 
unterbrochen, nach vom zu fallen die B&ader ab. Vorderrand breit 
nach innen eingebuchtet, Unteiseite vom Kopf anfaugend vertieit, Meso 
—und Ptoiostnim stark ausgehohlt, Vorderrand auf der Unteraeite breit 
and tief nach hinten recbteckig ausgeschnitten. Mandibeln zart, anein- 
andergescUagen, einen kleinen Baum einschliessend.— Fuhler zart, 
vom 2. — 5. Glied an Lange zunehmend, vom 6.— 10. gleichlang, 11. 
solang wie das 9. und 10. zusammen. 2. — 5. kegelig, die folgenden walzig, 
alle (ilieder locker gestellt.— Prothorax breit elliptisch, in der basalen 
Halfte abgeflacht, zart gefurcht, antecoxales Prostemum platt, postcox- 
ales grubig runzelig. — Elytren robust, an der Basis fast gerade, Seiten 
parallel, am Hinterrand gleichma ssig gerundet. 1.— 4. Bippe deutlicli, 
die folgenden flach, 9. und 10. wiedei deutlicher, am Absturz alle Bippen 
normal entwickelt, die oben liegenden Bippen von wechseluder Breitc. 

1.— 3. Furche unpunktiert, die folgenden durch flache Punktierung 
gekennzeichnet. Alle Bippen viel breiter als die Furchen, Schniuckzeich- 
nung vorhanden.— Beine zart, Schenkel schlanlv, Keule mittelstark, 
Dorn klein, Schienen rundlich, gerade, auf der Mitte innenneits etwas 
verdickt. Tarsen schlank, Metatarsus langer als das 2. Glied, Klauenglied 
sehr lang. Metatarsus, 1. und 2. Abdominalsegiuent liingsgefurcht, 
Quernaht zwischen dem 1. und 2. Segment an den Seiten tiei, 3. uud 
4. Segment gleich lang, 5. abgeplattet. 

Typus der Gattg : C*. decern n. sp. 

£s kann keinem Zweifel unterliegen, dass die neue Galtung zur 
Orychodes Verwandtschaft gehort. Das Prorostruin hat eine grosse 
Ah nlichkeit mit Paeudorychodes damnosm Die nachste Verwandtschatt 
ishdie Gattung Suborychodes Kin. Bei Calorychodcs ist der Kopf breit, 
die Unterseite hat keine Punktierung, der Bussel ist von ganz anderer 
Bauart, der Prothorax gefurcht, platt. Die Beine sind bei Caloryvhodee 
sehr schlank und der Metatarsus langer als das 2. Glied. Bei Suborycho- 
dcs trefen die gegenteiligen Merkmale zu. Ubereinstimmend ist der 
Bau der Elytren und die Art der Bippenausbildung, ferner ist bei beiden 
Gattungen Metasternum und Abdomen gefurcht. Damit ist die system* 
atische Stellung festgelegt. 

Calorychodes decern n. sp. 

Hell kastanienbraun, Elytren dunkler, Schmuckzeichnung orange, 
ftTfi ganzen Kdrper hochglanzend. Kopf und die Kanten des Meta 
iinH Mesorostrums einzeln nadelstichig punktiert. Prorostrum in der 
Vorderrandspartie und die Mandibeln warzig skulptiert; Fuhlerglieder 
vom 3. ab behaart, vom 4. mit tiefer Langsskulptur, vom 9. ab mit 
dichter Unterbehaarung.— Punktierung des Prothorax sehr zart, die 
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Mittelfurche bildet an der Bask eine dreieckige Einkerbung, ist Bonst 
aber sehr zart und nimmt nacb vom an Deutliclikeit ab.— Lag® der 
Schmuckzeiclmung auf den Elytren: Rippe 3 je ein kurzes Streifohen 
baaal, postmedian und apical, 4. desgl., median und postmedian, 5. desg], 
postmedian 8. und 9. kurze, Posthumerale, letztere ausserdem noch 
kiirzere Apicalstreifen.— Unterseite des Korpers sehr zart punktiert, nur 
das 3.— 5. Abdominal segment an den Randem mit dichter Punktierung. 

$ nicht geschen. 

Lange {UAdX): 11- 15, 5 mm. Rretie (Prothorax): 2*2—3*0 mm. 

circa. He%mat : Burma, Ruby Mines. Sammler : Doherty. 

3 im British Museum. 


BELOPHBRINI. 

Euphenges distribidus n. sp. 

cJ Mit ceylonicus Oalabr. und deliberaias Kin. verwandt. Von beiden 
Arten durch die ganz abweichende Anlageder Schmuckzeichnung auf 
den Elytren leicht zu trenncn. Letztere Art ist durch die ungedomten, 
gerundeten Elytren weiter entfemt und nur Auseinandersetzung mit 
ceylmicus notig. Die trennenden Merkmale sind folgende: Der hohe 
Qlanz fehlt, nur die Korperunterseite ist hochglanzend, der Prothorax 
ist nicht schwarzgestreift, sondern einfarbig carminrot.— Kopf deutlich, 
wenn auch nur flach gefurcht.— 1. und 2. Abdominalsegment kraftig 
langsgefurcht, 3,— 5. an den Seiten dicht behaart.— Lage der Schmuck- 
Z5:ichnung : 3. Rippe langer Basalstreifen, kiirzerer postmedian, ganz 
kurz a])ical, 1. je ein Streifen median und postmedian, 5. basaler Punkt, 
Streifeu postmedian, G. postmedian, 8. und 9. lange Posthumerale, 
letztere femer kiirzerer Apicalstreifen.— Die Vorderbeine sind librigens 
ebenfalls \'on abweichendem Bau. Die Schenkel tragen vor dem Ublichen 
Dorn noch einen kleinen imd die Schienen sind in der Mitte nach innen 
vorgewdlbt. 

Ldpige (total): 21 0 mm. Breite (Prothorax): 3*6 mm. 

Heimat: Perak, Sammler : Doherty. Aus Coll. Fry. 

typus im British Museum. 

Buphengea deliberatua n. sp. 

^ Habifnell Suphenges ceylonxea gleich, durch folgende Merkmale 
sicher zu trennen. Kopf breit abex flach gefurcht, Fflhler vom 9. GUede 
an mit dichter Unterbehaarung, desgleichen mit langer, zarter, absteh^ 
ondor Behaarung vom 3. Gliede ab, die bis zum 9. bleibt, dann schwa- 
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c]i6r wild. Mjrtren an den hinteren Aussenecken nicht kurz gezahnt 
sondem gemeinsam rundlich abgestumpft. Der Prothorax ist zart aber 
bestinunt bis ins vordere Drittel gefurcht. 

Ldtye (total): 24 mm. Breite (Prothorax) : 4*0 mm. 

Heimat: Eanara Bombay. Sammler T. E. Bell, VI, 1907. 

Typus in der Sammlung der Forest Research Institute. 

Es handelt sich ura eine Vikariante der ceylonischen Art. Calabresi 
hat eine zweite Art von Penang beschrieben, die sieh von ceylonica 
ziemlich weit entfernt. DeUberatm steht der ersteren weit naher und 
vermittelt den Ubergang der westlichen zur ostlichen Art. 

Heteroblysmia cava n. sp. 

? Einfarbig violettbraun, Schmuckzeichnung dt^r Elytren schmut- 
zigorange, am ganzen Korper glanzend— In den wichtigsten Merkiiialen 
mit vittata Calabr. tibereinstimmend, aber durch die allgemeine Ausfiir- 
bung und die ganzlich andere Anlage der chmuckzeichuung vcrschieden. 
Die Korperfarbe ist allgemein ^iel dunkler und es fehlen elle sdiwarzen 
Zeichnungselemente,die bei vittafa auf Riisael und Prothorax auagehildet 
sind. — Die Elytren sind bei viVata mit einer bestimmten Qiieibinde 
ausgezeichnet, basal, ante — und postmedian und apical. Bei cava 
sind diese Binden kaum noch erkennbar und durch eine, im Tribus 
hoohstselt ne Anordnung der Schmuckzeichnung bemerkenswert. 

Lange (total): 14 0 mm. Breite (Prothorax): 2*2 mm. circa. 

Heimat: Penang. 

Typus bezeichnet: Lamb. 93*60 im British Museum. 

Die bisher bekannt n ne{cr(]blysmia-k\\on stanimen samtlich von 
Borneo. Es ha delt sich hier um eine sicher zur Gattung gehorige Art. 
Die Verb eitimg erstreckt sich also reclit weit nach Westtnund es ist 
auzunehmen, dass sieh eveutuell auf Sumatra weitere Vertreter finden 
werden. 

Die Elytrenzeichnung ist noch etwas unklar, die Binden treten nur 
unscharf hervor, weiteres Material muss Aufkliirung bringen. Die 
HetertMysmia — Arten scheinen noch alle in der Urabildung bezw, 
Consolidierung der Zeichnung begriffen zu s in. nichl gesehen. 


Teraticorhynchus n.g. 

(Abenteuerlich und Riissel). 

(J Kopf etwa quadratisch, vom Halse scharf abgesetzt, hintere Aut« 
senecken scharf, Obersei e warzig skulptieit, auf den VVarze behaart. 
Dnterseite mit tiefer Qulargrube, Skulptur wie auf der Oberseite, nur die 
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Mittelfurche frei, Augen gross, im halben Augendurchmesser vom Hinter- 
rand des Eopfes entfemt.— Metarostrum dreimal so lang wie der Eopf, 
gegeu das Mesorostrum nur wenig verschmalert, rundlich, stark domig 
und warzig skulptiert, in der Mitte eine schraale Rinne freilassend, Unter- 
seite wie oberseits niit glatter Mittelfurche. Mesorostrum wenig erweitert, 
Mittelfurclie wenig schraaler als auf dem Metarostrum, Skulptur wie dort, 
neben der Mitte jederseits ern stumpfer Dom, nach der Unterseite steil 
abschiissig, Unterseite mit drei schmalen Kielen, ohne Dom \md Warzen. 
Prorostrura langer als das Metarostrum, oberhalb mit zwei Paar auf- 
rechtstehenden Zahnen besetzt, unter dem vorderen Paar je ein seitlicher 
grosser, nach oben gebogener Zahn, am Absturz gleiche Zahne von 
grbsserer Dimension, Vorderrand gerade, Skulptur gering, Unterseite mit 
breiter Mittelfurche, Skulptur wie oberseits.— Fiihler lang, zart. 1. 
Glied an der Basis von oben gegen unten stark komprimiert, die allge- 
meini' Gestalt unfbrmig, inehr oder weniger rechteckig, sehr gross, 2. und 
3. Glied cinzeln, nicht kiirzer als das crste, die folgenden Glieder nach 
vom zu an Grosso abnchmend, 11. kiirzer als das 9. und 10. zusammen. 
Bis zum 4. an der Spitze nodes, dann walzig, vom 4. ab mit zunehmender 
dichtcjr Bchaarung, Unterkanie vom 3. Glic ’e ab mit langen, zottigen 
Haarcn. Prothorax eiformig, am Halse stark verengt, grosste Breite 
iiber den Ifufieii, mit Ausnahme einer im basalen Teil vorhandenen 
fiachen Mitt Ifurche grob unzelig-warzig skulptiert, in den Punkten 
mit dichten, kleinen Haarbiischeln. Prosterum vor den Hiiften gefurcht. 

-Rlytren an der Ba is gerade, nach hinten zu allrnahlich verschmalert, 
llintereckon stuinpfspitzig, gcrippt gefurcht, Furchen grob gegittert.— 
Vorderbeine verliingert. Schenkel schrnachtig, Rtiel lang, Keule zart, 
gedornt, Scliienen gerade, an der Basis etwas zusammengedriickt, 
Vorderrand an den Tarsen mit grosseui Seitendorn. Tarsen gross, 1. 

I linger als das 2. Sohlen dicht filzig, Klauenglied gross, keulig.—Meta- 
rostrum an der Basis tief grubig, neben der Grube jonseits eine zapfen- 
artige Vorstiilpung. 1. und 2. Abdominalsegment breit, flach gefurcht, 
1. an der Basis tieler. Quernaht zwischen den Segmenten an den 
Heiten tiet. 

Tvpus der iJattung : T. defectvs n. sp. 

Die neue («attung gehdrt in eine Gruppe zu der Calabr., 

Meijateras Kin , Allav^mpsus Kin. und Heferorhyveht/^ Galabr. gehoren. 
Ks sind alles grosze Art on mit nicht vergrosserten Voiderbeinen und- 
einen in der verschiedensten Weise bewehrten Riissel, Keine der bekann 
ten Gattimgen hat ein bewehrtes Prorostrum, schon dadurch unter- 
acheidet sich Teraticorkynchtis von alien anderen und scheint auf den 
ersten Blick gar nicht zu den Belopherini, sondem zu Stratiorrhina zu 
gehoreA. Was von den bekannten Gatiungen welter trennt, stud die 
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auSallend stark;, behaarten Fubler, die iehsonst noci» nicht gesehexx babe. 
Gaaz abweichender Bauart ist feme!r da» basale Fiihler-glied, das an 
seiner Basis auf etwa ^ seines Durcbmessers zusannnengepresst ist. 
Es scheint fast, dass dieser Verwandtschaftskreis sich noch erlieblich 
erweitem wird, es diirftcn aber alles mir kleine Gattungen bleiben. 

T. defedits n. sp. 

Dunkelviolettbraun, Halsring imd die Schenk el an Basis und Knie 
schwarzlich, Glanz mittolmassig, durch die starke Skulptur verdeokt 
Rippen auf den Elvtren mit einzelncn [*unkten weitlaiifig besctzt, in 
den Punkten mit Haaren beseizt. Die Foim der Haare ist reiheuweiso 
versehieden, entweder lang, fadenformig odtir kiirz, keidig. Die Scbmuck- 
zeichnung ist nicht sicher festzustellon, Aveil die (Jifclening zu stark ist, 
lasst sich aber in einer basalen, ante.-postiuediHuen und iqiicalen Binde 
erkennen. Prorostriun mit flachon iraaibuscheln in den Punkten., 
Metasternum in den Mitteljiartien lang, an den KSeiten blattartig behaarb 
Abdomen an den Seiteri desgloichen. Hiifteu und Schenk el anliegend 
blattartig beh<^rt. Schienen innenseits zottig, rostrot, sehr dioth 
behaart. 

Lange (total): 36 mm. Breite (Prothorax): 6, 0 mm. 

Heimat: Tenasserim. Aus Coll. Fry. 

Typus im British Museum. 

Psetidobclopherus dednetus u. sp. 

(J Violettliraun, Halsring, Vorderkanlcn der Fiihiergliedcr und Scheu- 
kel an Basis und Knie in sehr geringem Umfange sthwarz, Oberseite 
des Koipers ganz matt, Unlciscite und ihv Beiiie schwach glanzend.— 
Die warzigen Tuberkeln auf Bciten und Pnterseite des M otarostrums 
stark. Elytren am Absturz sehr stark veisolimalert, Dornen spitz 
und horizontal abstehend, nach iiinen gericht^Jt, Schmuckzciohnung 
duioh die grobe (btterung nicht sicher fcst/ustellen. Metasternum 
vor dem Abdomem grubig veitieft, 1. und 2. Abdominalsegment echmal 
aber sohirf gefuicht, Quernaht zwischen den Se^menten an den Seiten 
dcutlich. 

Ld age (totfil) : 18*0 mm. RmVc (Prothorax): 3*0 mm. 

Heimat: Perak. Sammler: Doherty. Aus Coll. Fry. 

Typus im British Museum. 

Aus der Gattung Pseudobelophems ist.bisher nur onentahs Calubr. 
bekannt. Die Gattungsdiagnose wird nur insofern beeintrachtigt als 
bei den Elytren die Bezeichnung: “ apice valde attenuata, singulatim 
breviter acute mucronata ’’ nicht zutrifiEt. Die Dome von deduotUH 
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Bind lEnger, stellen einen tatsaohlicli spitzen Dom dar,.walir^ crienr 
talis nur naoh auBsen gericbtete Eoken hat. Orientalis ist euw heUe, 
rotbraune Art, mit ungefurchtem Metasternum nnd einem AbdomBii, 
das nur an der Basis zart gefurcht ist, bei deductus ist die Furchung 
sehr kraftig, durchgehend vorhanden. Die Schmuokzeio hnun g auf den 
Elytren ist ganz verschieden. Ich kann die DifEerenzen abet nicht 
genau angeben, weil die rugose Gitterung zu stark ist. 


Ectocemus contractus n. sp. 

Schokoladenbraun, Schmuckzeichnung orange, massig, etwas 
fettig glanzond.- - Kopf seitlicb und liber den Augen runzolig, sonst 
einzeln warzig, gewdlbt, Unterseibe mit Mittelkiel, grob warz^ skulp- 
tiert. Metarostrum gefureht, Kanten der Furche eine stumpfdornige 
Leiste bildend, Skulptur an den Seiten tiefe Punkte bildend, von welchen 
tiefo Kinnen strahlcnformig auslaufen, Unterseite desgleicben, Mesoros- 
trum schwach erwoitcrt, wie das Metarostrum gefurcht, platt, Proros¬ 
trum mit goringer Einschniirung o]>erseits, unterseits dag^en scharf 
abgesetzt, Skulptur gering. Ik Fiihlerglied kiirzer als das 2., die folgenden 
fast gleichlang, 2. mehr walzig, 3.--5. kegelig, die folgenden walzig, 11. 
so lang wio das 9. und 10. zusammen, vom 1. ab behaart und tief skulp- 
tiert. ' I’rothorax im basalen Teil dicht, zum Teil kraftig punktiert, 
nach dem Halso zu lasst die Punktieruiig nach, fein chagriniert und 
dicht behaait. - Elytren king behaart, Lage der Schmuckzeichnung: 
Rippe 3 lang basal, kurz ])o,stmedian und apical, 4 median und post¬ 
median, 5 basal, ante -und post median, 6 ante--und postmedian, 
7 desgleicben, 8 basal und posthumeral, 9 posthumeral und apical.— 
Schenkel und Schienen auf der I^nterkante behaart, Huften, namentlich 
die vordeien desgleicben. Metasternum, 1. und 2. Abdominalsegment 
g'ifurcht, Skul])tur aus tiefen, behaarten Punkten bestehond, 3. und 4. 
zo^^tig behaari, 5. zerstreut ])unktiert und nur gering, an den Seiten 
beh lart. 

(total): lOT) mm. /frc/tc (l^rothorax): 2*2 mm. 

Hamnt: Gambodia. 

Typu* iiu British Museum 

Von alien anderen Arten durch die geringe Einschniirung des Pio- 
rostrums und duich die auffalende, allgem^ine Behaarung, die sonst 
keine Art hat, gekennze'chnet. Vielle’.cht ware es richtiger, die neue 
Art in ein** eigene Gattung zu bringen, es ist aber doch besser 
abzuwHiten, ob nicht noch weitcre Arten zu finden sind, die den 
Obergaug vonnitteln. Auf der Riisselunterseite ist gegen die anderen 
Arten kein Unterschied zu finden. 
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Anepsiotes bellm n. sp. 

9 Sin&rbig violcttbrauii, Filhler etwas boiler, Schnxuokzeiobnung 
Mi den Elytren dunkel-blutrot, am ganzen Korper glanzond, oborseits 
Bohwaoher, unterseits starker.—Hinterhaupt zart gefiircht, Furche 
zwisoben den Augen unterbrocben, die ganze Oberseite cinzeln, warzig 
skulptiert. Augen in J Augendurcbmesser vom Halsrand entfernt, 
dieser Teil obne Skulptur. . Unterseite mit dreieekiger Gulargrube, am 
Metarostrum mit grobem Punkt beiderseits derMitte, unter den Augen 
einige Warzenpunkte.—Metarostrum gefurcht und wie der Kopf skulp¬ 
tiert, Seiten mit grubigen Vertiefungen, auf der Unterseite dieselben 
groben Punkte und warzigen ErhohuDgen wie auf dem Kopfo; Meso- 
rostrum erbobt, scbmal gefurcbt; Prorostrum obne Skulptur.- Fiihler 
wie beim Typus (Sd^enklingi Kleine). Protborax iin wosentlichexi 
dem Typus gleich, aber am Hinterrand kiiifiig punkGert und an den 
Seiten zottig, dicht bebaart. Vorderbuflon stark punktiert, Hiiftringo 
zottig, dicbtbcbaaru.— Elytron wieboim Typus.- Sobonkol und S(*bienen 
unterseits mit diobter, filziger Bebaarung, Tarsexi desgleichen.- Das 
3. und 4. Abdominalsegment dicht, zottig bebaart 5. nur an den Seiten 
mit gleiobem Haarbesatz. 

Lange (total): 23 mm. Breite (Protborax) : 3‘5 mm. 

Heimat : British India, Katgal, 23. XL 97. 

Die neue Art ist nur mit S^eMingi Kloino verwandt Von Klein ei 
Calabr. und elegans Calabr. trennen die uberall gitterfurchigen Rippen, 
von luzonicus Calabr. der nicht quere Kopf, von nifidicolUs Calabr. der 
matte Protborax. Von alien bekannten Alton trennt die grubige Skulp¬ 
tur an den Seiten und auf der Unterseite des Mt^tarostrums. 


Anepsioies commendabilis n. sp. 

cJEinfarbig scbokoladenbraun, Schmuckzeichnung schmutziggelb, 
vordere Extremitaten matt, Elytren, Metasternum, Abdomen und Beine 
glanzend.— Kopf ungefurcbt, gewdlbt, cbagriniert und grob punktiert, 
Seiten desgleicben, Unterseite dicbt warzig skulptiert.— Metarostrum 
gefurcbt, Skulptur ober — und unterseits wie auf dem Kopfe, Mesoros- 
trum scbwauh verbreitert, seitlich stumpfspitzig, ungefurcbt, etwas 
gewolbt, Prorostrum in tiblicher Weise gezahnt, warzig skulptiert, Unter¬ 
seite des Mesorostrums scbwach warzig, des Prorostrums jrf;ark glan¬ 
zend.— Fiibler auf alien Gliedern grob und.dicht punktiert.— Protborax 
mit undeutlicber Mittelfurcbe, dicbt cbagriniert, im basalen Teil grob 
punktiert imd in den Punkten bebaart, nach vorn zu I^st die Punktie- 
Tung nacb. Prosternum glatt, vor den Hiiften kurz bebaart.— Elytren 
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kraftig gitterfurchig, auf den Kippen kurz anliegend beliaart. Lage 
der Sobmuokzeiclmung : Rippe 2 kurzer Apicalstreifen, 3 langer basal, 
knrzer postmedian und apical, 4 kurzer ante— und postmedian, 6 je 
ein kleiner Fleck basal und im vordern Drittel, ein langeres 
Streifchen postmedian, 6 postmedian, 8 posthumeral, 9 desgl. und 
apical. - Beine obne besondere Merkmale.— Metasternum an der 
Basis grubig eingedriickt, 1. und 2. Abdominalsegment gefurcht, 
oinzeln kraftig punktiert und lang behaart, 3.— 5. Segment kraftig 
punktiert und kurz behaart, an den Randern dicht behaart, filzig. 
lAnge (total) : 15 mm. Breite (Prothorax) : 3 mm. 
lieinMi: S. India ; Travancore Tea Co. Von G. S. Imray gesammelt. 
Typus im British Museum. 

Die Art ist durch die eigenartige Skul})tur mit keiner anderen zu 
verwechselu. Alle anderen Arten sind glatt und unbehaart. 


ITIIYSTENINL 

Plesiopiiocylides n. gen. 

(Nebonan und Phocylides gen. Brenth.) 

^Kopf langer als breit, nicht kc^olig sondern nach vorn massig 
versohmalert, am Halse fast ansitzend, nicht getreniit, Oberseito platt, 
nicht gefurcht, zwisohen den Augen mit tiefor, breiter (irube, Unterseite 
mit rinnonfftrmiger. j)lotzlioh .stark erweiterier Gulargrube, unter den 
Augen je eino tiefe, grob punktiei*te, stark borstig, langbehaarte Rinne, 
die sioh auf das Motarostrum fortsf^tzt und nur einen sohmalen Mittelkiel 
frei lasst. Augen gross, nach vorn stchend, in vreniger als Augenduich- 
mes.ser vom llinterrand des Kopfes entfernt.- Russel lang, Metaiostrum 
langer als das Prnrostrum, oberseits abgeflacht, Kanten unscharf, gegen 
das Mesorostrum seitlich etwas erweitert, Mosorostrum flaoh verbreitort, 
in der Mitte flach gefurcht, gegen das Prorostnim erweitert sich die 
Furohe, Prorostrum kantig, nach dem Vorderrando nicht erweitert 
und an den Kanten rundlicher, an der Basis gefuicht, sonst glatt, Vor- 
derand eingebuohtet, Mandiboln klein, Unterseite des Meso — und 
Prorostrums gekielt aber nicht punktiert und behaart.^ Fiihler kurz, 
1. died gross, 2. sohr kurz, 3. 8. nach vorn an Lange abnehmend, 

.3. 5. kcgelig, 6.-- -8. mehr tonnenformig, 9. und 10. erheblich langer, 

jedes so lang wie das 7. und 8. zusammen, 11. schlank, zugespitzt, so 
lang wie das 9. und 10. zusammen, alle Glieder locker stehend, 3.—8. 
einzeln behaart, 9.-11. mit diohter Unterbehaarung.— Prothorax 
elliptisoh, tiefgefuroht. Prosternum flach gewolbt.— Elytren an der 
Basis flaoh abgesohr&gt, Humerus gerundet, Seiten parallel, hinten mit 
brmten Anh&pgen, neben der Sutura keine tiefgetrennte Rippe, nur die 
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Suturalfuiohe tief, alle anderen Rippen flach, Furchen mit grosser, 
fiaohei Gitterung.— Boine kurz, Schenkel kraftig keulig, ungedornt, 
Sohienen gerade, sohlank, nioht stielrund sondern mehr kantig, Metatar bus 
80 lang wie das 2. und 3. Glied zusammen (Hinterbeine) oder fast 
so lang (Voider — und Mittelbeine).- Metasternum zart gefurcht. 
1. Abdominalsegment flaoh^ kurz eingedriickt, 2. gewolbt, 3. und 4, 
fast gleicb gross. 

Typus der Gattung : PI conditus n. sp. 

Die Unterbringung der Gattung stosst auf nicht unbodeutende 
Sobwierigkeiten. Dem Habitus nach kann sie nur zu den Ithystenini 
und zwar in die Nahe von Phocylides kommen. (ilanz abweichend ifil 
die Gestalt des Kopfes, die stark an die Nemooephaliui erinnert. End- 
lich sind aucb Anklange an die Pseudocoocephalini vorlianden. Ich 
halte es aber fur das Besto, die Gattung bei den Ithystenini zu belassen 
und zwar mit Phocylides und Pseadophocylides in einem Verwandl- 
schaftskreis. Das Vorstossen des Tribus nach Westen ist an sioh niohts 
Ungewohnliohes, da auf den Andamanen gleiohfalls Vertreter gefunden 
worden sind. So weit nach Norden wie die neue Gattung ist aber 
nooh keine vorgedrungen. 


Plesiophocylides conditius n. sp. 

Schwarzlich mit einem Schein ins metallisehgruno oder broneebraun, 
mit Ausnahme dor stark glanzenden Unterseite matt. Kopf tief 
nadelstichig punktieit, in den Augeii kurz, anliogend, kraftig behaart, 
Seiten hinter den Aiigen glatter. Metaiostrum oljerseits m t ahnlicher 
Skulptur, an den Seiten rugos guibig punktieit und behaait, Mesoros- 
trum glatter, Prorostrum an der l^asis cinzelri ])unktiert. nach vorn 
zu warzig, am Vorderrand selbst glalt. Seiten fast glatt. Pnythorax 
dioht, grob rugos punktiert und kurz behaart nach dem Halse zu nimmt 
die Punktierung an Feinheit und Dichte zu und die liehaarung wird 
schwacher.— Elytren dicht chagrini<*rt, nadelsticliig ])unklieii und kurz 
beborstet.— Metasternum und die beiden ersten Abdominalsegmenie 
zerstreut punktiert, an den Seiten starker, ebon so am Hinterrande 
des 2. Segmentes, 3. und 4. mit je einor groben Punktreihe, 5. an der 
Basis grob und tief punktiert, nach der Si)itze geht die Punktierung 
in eine tiefe Runzelung fiber. 

L&nge (total): 33*0 mm. Breite (Prothorax) : 3*5 mm. 

Heimat: India, Sylhet. Aus Saramlung Bowring. 

Typus im British Museum. 
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Diurus compendtarius n. sp. 

Ausserst Bchlanke Art, mit sehr langen Fuhlern.— Kopf schlank, 
am Hinterrande eingekerbt, Oberseite, wenigstens bis zu den Atigen, 
sohwach gefurcht, diinn beschuppt, Augen in mehr als Augendurcbmesser 
vom Hinterrand entfernt, unter dem Auge eine tiefe Kinne.— Metaros- 
trum Bchlank, walzig, schwach in der Mitte gekielt, Mesorostrum stark 
verdicfct, kraftig gefurcht, Prorostrum kurz, walzig.*—Fiihler fast bis 
an den Hinterrand der Rlytren reichend, ausserst zart und schlank, 
1. Glied keulig, 2. kiirzer als das 1., zylindrisoh, an der Spitze nodos 
verdickt, 3. etwa dreimal so lang als das 2., 3.~ 6. gleich lang, 7. und 8. 
einzeln etwa | so lang wie das Einzelglied von 3—6, 9.- 11. sehr kurz, 
zusammen etwas langer als das 8. allein, vom 2.- 8. sind die Glieder 
an der Spitze sohwach nodos, 9.“ -11. walzig, fein behaart. Prothorax 
doutlioh gefurcht, Heschuppung nur neben der Mitte und uber den 
Hilften. - Elytren ])lattgodruckt, nicht gewolbt, sehr schwach, aber 
narh ganz bestimmter Anordnung beschuppt, an der 4. Rippe recht- 
winklig, scharfkantig, Anhangc kurz, aber nicht dornenformig, behaart, 
sioh nicht beruhrend. Heine ohne besondere Mcrkmale. 

lAnge (total): 20 32 mm. Breite (Prothorax): 1 j—2J mm. 

Lange der Fiihler ; 21 28 mm. 

Heimai : India. 

Typus bezeichnet BoAvring 63. 47. Perak. 2 im British Mu¬ 
seum, ? nicht gosehen. 

Die Art ist mit Sj)dtteU Klii. vcrwandt. Unterschied : Die Glieder 
nehmen vom 3. ab nicht an IJinge iib, sondern das 3. -6. ist gleichlang, 
wahrend das 7. und 8. erhcblich kiirzer ist, diese Glieder sind aber unter 
sich gleich lang. Das 9. bis 11. ist nicht so lang wie das 8. sondern 
erhoblich kiirzer. Sjtolleh ist von Java, sicher handelt es sich um eine 
Vicariante. 


PSE rDCKT.OOEPHALINI. 

MKTATHArilELUSgen. nov. 

Im Habitus Schizotrachehis ahnlich Kopf etwas langer als breit, 
am Hinterrand kaum eingekcrbl, Oberseite flach gewolbt, zwischen den 
Augen tief grubig gefurcht, Soiten hinter den Augen grubig vertieft, 
Hinterrand aber vorhanden, Unterseite mit je einer Reihe grober Punkte 
unter den Augen oder Olziger Mittelfuiche. Augen gross, wenig pro¬ 
minent, nach vorn gcriiokt, in halbcm Augendurchmesser vom Hinter¬ 
rand entfernt.* - Metarostnun so lang wie das Prorostrum, walzig, nach 
vom kaum vereohmalert, walzig gerundet, Mesorostrum erweitert, platt^ 
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imdeutlich schmal gefurcht, Prorostrum an der Basis schmal, kantig, 
nach vorn allmahlioh erweitert, mic • rnndliclien Kanten, Vorderrand 
eingebogen, Mandibeln klein. Auf der Unterseite ein iia vorderen Tell 
des Merfcarostrums beginnender, sich iiber das Meso — zum Prorostrum 
hinziehender breiter Mittelkiel.— Ftihler gedrungen, kaum iiber den 
Halsrand' reichend, 2.—8. Glied quer, 3. sohwach kegelig, die fol 
genden scharfkantig, die vorderen etwas kegelig, 9. und 10. etwa quad- 
ratisoli, 11. konisoh, kraftig, so lang wie das 9. und 10. zusammen, alle 
Glieder locker stehend.— Prothorax schlank, eiformig - elliptisch, 
MitteHuxche tief, durcbgehend.— Elytren gegen den Absturz schmaler 
werdend, etwas verlangert und gemeinsam spitz auslaufend, ausser 
der Sutura keine Rippe vorhanden, Suturalfurche tief und breit, alle 
andem Rippen vollstandig obsolet, die Furchen durch weitstehende, 
sehr zarte Punktierung kenntlich.— Beine schlank, Schenkel sebr dlinn, 
Eeule schm^htig, unbehaart, Behaarung am Stiel gering, Schienen 
im Verhaltnis zum Schenkel kurz, sclimachtig, gerade, innenseits etwas 
vorgebogen und dicht struppig behaart, alle Tarsen kurz, quer, 
Klauenglieder iiussersb robust, klobig, walzig.— Metasternum nur an 
der Basis gefurcht 1. Abdominalsegment breit und flach eingedriickt, 
2. weniger, Quernaht deutbch, Apicalsegment im Spitzenteil mit einer 
narbigskulptierten, kurz behaarten Platte. 


Typus der (I’attung : M, co7nparativus n. sp. 

Melairachelus comparatmus n. sj- 

Pechbraun, einfarbig, glanzend. Punktierung auf Kopf und Rilssel 
sehr zerstreut und zart. Prothorax mit gleioher Skulptur, nur im 
basalen Teil sind die Punkte etwas grosser. Unterseite des Edrpers 
von gleicher Beschaffenheit. 

Lange (total) : 18*0 mm. Breite (Prothorax) : 2*0 mm. 

Heimat: Penang. Aus Sammlung Pascoe im British Museum. 

Die Ahnlichkeit mit Schizotrachelus ist recht bedeutend, dennoch 
isb die Abtrennung sehr leicht, well die Elytren mit Ausnahme der 
Sutura ohne jede Rippenbildung sind. loh stelle die Gattung in die 
NIdie von Schizotrackdus, 
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l■•Ki I’UKNVERZEICHN IP. 

1. Mitllore Kuhlorf^Iu der von ( yphagoyua roncavufi 

2. 3.—'fi. Fuhlorglied (uuien) und 0.—H Fuhlerglied (oben) von Cyphagogus con 

feriulufi. 

3. Mittlere Fiihlerglicdc r \ on ( yphtgoguM ronjtdens, 

4. Kopf und haHftb Vuhlciglioder von^J und $ von Allaeometrus dejormis. 

6 . Klvtrpn^xaRiH nut dein envoitf*rton UunioruH von Irocheltziis divtduv-v. 

H. Hcchte llalftc dv*s Mota ~ und J’rorostniins von Lepiamorphoctphalus cupidus. 

7. Kopf m SeitenaiiKichi von Uypomujlispa cdorata, 

8 Kopf und IliifiH**! von Iinni«amblu<i conitmptus 

9. RuR<inl im UmriHs ) „ , , , 

10 8ohrauckzc« hnunK doi Eljtren j ^‘"‘^orychoda ,hmno>us. 

U. Bipponbildung an don SoiUn dei Kl^tren von Suhorychoda^ delectabilta. 

12. Schenkcl von ParorychodPh areuH 

13. Elytron von Pst udobt I »ph rus diducius. 

14. RuRsel in SoitoiiaiiHiobt ) . , » , , 

16. Kopf usd Rugi.ol m Auf.iil.l von olK-n j ^ alorychodeo decent. 

it! j ('VP>K'e"9«'<frayonuK. 

18. FUhler von Paruoamhtuf JrattdnUniit^ 

IJ). UiiSHcl von dcr bode von 1 trahcorhynchti't d(feitU6 

20. Fuhlor von iMufUfi coinpt ndUiiuit^ 

21. Parameicn t u i , 

22 PeniR j Hypomxolispn conpigalu 

23. Paiameron von flypotnadit^pa ctuda. 

24. ProroRtnim von i ipt ^morpf ociphtUis cvnmtu^ 

25. HusroI in AufRicbt von 7 craticorhyhckuH drftclus. 

26. Paraniorcn von Hemioryihoilff^ curt us. 

27. Kopf und haRales Itoatruni > „ i . 

as. Suhiiiw kieichnung doi El vtren j ' **" 

29. Schmuckroiehiiuug dor El^tn^n von Ilemitrrychodes dinsonus, 

30. Schmuckzcicknung dcr Elytron von Utrniorychodps f iiriKs. 

31 Elytron/euknung von //»/j>om<o/ispc» con)u)i(ia. 

32. bohiimckrcicimung dcr Eljtitn von Lupheuqes diHfibutuj,. 

33 ,, ,, ,, „ i ncpnotfij, cnmm(iidah%l%(t, 

34. • ,, ,, „ „ Ihicrohlyumtu cava, 

3ft. „ „ „ „ Uctmorychodcs continciu,. 
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DESCRIPTION OF PLATE 1. 

New species of Bbenthidae. 

Fij{, 1, Middle joint of antonna of Cyphagogu^ cotieams. 

„ 1. 3rd-f>th antennal jointH (below) nnd fith*8th antennal joints (abov^e) of Cyph 

ng(^un confertnlun. 

,, 8. Middle joint of nnb'iinn ('yphmjogutt cnnfidenft. 

„ 4. Head and basal joint of antenm of (J and $ of Allnfometrus dtformis, 

ff 5. Hase of el> tia w itli Ibe (*x]ianded biimenis of Trachelizun diridvus, 

0. Rijilif hftheH of the nieta and prcnostnim of Leptawarphocephalus cvpidue, 

H 7. Head, from side, <»f Hypoviiolinpn rohraia. 

„ 8. Head and rostrum of JlfwiftanibUts conteniptius. 

M n. Rostrum in (uitbne of Vm’vdorychodfff datnytofivs. 

H 1(1, Arrangement (»f mnikiufTH on elytia c>f Peetidorychodes dttffinoms, 

M n. Format urn (d ridges on the sides of the elytra of f%horyrhodefi deleciabilui,. 
ff 12. Femur of/*«roryrAodf’H f#M«s. 

,1 13, A|>e\ of elytra of P^euditbelopkf rus deducliM. 

,, 14. Rostrum from side of ('uUnychodes dtffjxs, 

,1 15. Head and rostrum from above of Calorycltode^ dtcehs, 

„ 10. Antenna of Cyphagagvn fragoswi, 

H 17. Head ,, „ 

„ 18. Ai^tonm oi Par t^iavibiuefraudukntvs, 

•I 19. Rostrum from side of Teraiicarhynchus dedwiu8, 
m 29. Antenna of Diww compendariuB, 



















DESCRIPTION OF PLATE 11. 

NsW SPEOIBS OF Bbbnthidae. 

Fig. 21* Pftrftmere of Hypomiolispa cotijugalia. 

22* Potii# It It II 

„ 23. Paramero of H tfj»omioUifpa cruda. 

„ 24. Prorofitruni <»f Ijeplaniorphocephalvft cuneat^s, 

„ 25. Hosiruni of Ttratieorhynchna dtduct^K 

„ 20. Paramcre of Htmiorychodth cwvuk 

I, 27. Head and ba«o of roatruni of Peroryrhodes arrotti. 

It 28. Arrangement of markings on elytra of Perorychodtt anowi* 


, 2». 

tf 

If 

1 , Hemiorychodu diwKmu8» 

30. 

>1 

tf 

It Hemiorychodes cutvua^ 

„ 81. 

» 

»l 

„ liypomiolispa conjuhcta. 

„ 88. 

tl 

*• 

„ EuphtngtH (ftafri6tdu«. 

.. 33. 

*• 

91 

,, Anepsioits commtndaltL^ 

., 84. 


»> 
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A SYNOPTIC KEY TO THE GENERA OF THE BRENTHiDAB 
OF THE INDIAN REGION. 

The foUowmg key to the subfamilies and genera of the Brenthidae 
recorded from British India and the neighbouring region has been 
prepared by Herr Kleine ;— 


KEY TO THE SUBFAMILIES. 


1. ProthoTAX in front more or less oomprossed* generally 
hollowed out to receive the front legs; if not, the elytra 


are pomted at the apex ...... Calodrctminae, 

Prothorax in front not compressed, elytra not pointed . 2. 

2. Inner side of the front tibiae heavily spmed . . . iS^sreoderminoe. 

Not spined. 3. 

3. Small sp^ies, rarely exceeding 10 mm.; femora with few 

exceptions not armed. 4. 

Large or very largo species ; femora with few exceptions 

armed. 5. 


4. Head and antennae never deformed, of normal shape; 

antennae generally endmg in cluhs .... TmcMizinae* 

Head and rostrum more or less deformed, usually strongly 
SO ; terminal joints not thickened .... AvMrphoczphtUinaz. 

5. Antennae mserted m the middle of the rostrum, pro- and 

meta-rostrum of about equal length .... 6. 

Antennae placed well m front, prorostrum much shorter 
than the metarostrum. 8. 


6. Elytra with ornate markings, following the course of the 

ribs ; prothorax not furrowed ..... 7. 

Elytra with ornate markings, independent of the course of 
the ribs; prothorax deeply furrowed .... Pseudoceocepho/inoc. 

7. Antennae short, mandibles generally large, projecting, 

sides of the elytra parallel, not narrow^ towards the 

apex; legs short; general shape short and thick . . Arrhtnodinaz, 

Antennae long ; mandibles, with few exceptions, small, not 
projecting; elytra narrower towards the apex ; legs 
long; general shape slender. Bdaphttrinaz. 

8. General shape very slender, narrow, with or without 

pubescent scales on the body. lihiftUninaz, 


KEY TO THE GENERA. 

CALODBOMIN'AB. 

1. ICetatarsus of the bind legs as long as the whole insect . C(Ucdram%i Guer. 

Bfotatarsus at most as long as the &id and drd joints. 
togeUier . 
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Hind tibias hypormorphoutt or of unusual shape, never 
normal ......... Cyphngogus Parry. 

Hind tibiae normal ....... 3. 

P. Antennae placed in front, inHcrtrd in largo anckets which 

are separated by a more or Iohk narrow wall . . 4 

Antennae always ]i]a<‘od laterally, in the width of the 

rostrum ........ o. 

4. Underside of the motarostrurn half elliptical, with shaq) 

edges, indented. Spharganophafitna Kin. 

Underside straight, not indented ..... OallipureiiM ^ennA, 

ProthorH\ 111 front not at all or only slightly ron.s- 

trifted ...... '»• 

Prothorax in front alwuy-. «onMtri(te«l to u*eei\e the 

legs ......... S. 

l‘ Uinlerside of the head or of the rohtrurn uilhotit tf>oth or 

humpy thiekenirig «)f the lateral odiie. , . . Opisihf norys K\i\. 

UnderHid«'> with u tooth, more <fi le.ss large, or with a 

hump ......... "• 

7. Jlody covered with ab dike, broad hairs . . . IWuflocyphagorjUM Deshr. 

llody with«>ut scale like hairs ..... Senna. 

5. Prothoruv furrowed throughout ..... Kin. 

Prothorax furrowed only at its ha.ne .... 9. 

9. Head helow W'lth teeth ...... 10. 

Heatl without teeth ....... 12. 

10. Ribs of the elytra not shortene<l ..... Eterozemus Senna. 

Ribs shorteneil ........ ll» 

11. 1st and 3rd rib shortened at the base, enclosed by the 2nd 

and 4th . . . . . . J)ictyotpterui< Kin. 

2nd rib shortened, 3rd broader and higher than the 
others ......... Allaeometru,n Senna. 

12. 2nd rib nanower at its base. ..... Parac/idorr/iiwas Senna 

Suture and 2nd rib broad, all others narrow . . . Eu^ebus Kin. 

STEHEODERMINAE. 

Antennae long and thin, sometimes of the length of the 
body ......... Jonthocerus Lacord. 

Antennae short and stout ...... Ccrobate^t Schoenh. 

TRAUHELZINAE. 

1. Elytra without strongly raised rib.M, hinder edge 

straight ..... 2. 

Rilw partly strongly raised, hinder edge prolonged or 
toothed 14. 

2. Prothorax not furrowed ...... /i m ocamara Kin. 

Prothorax farrowed ....... 3. 
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8. IWttIbiM in thair middle at the inner lid* with a pointed 

wedge>]ike, hairy enlargement. 4. 

I^ront tibiae not enlarged. 6* 

4. Head at its hinder edge straight, above not broadly 

furrowed, prothorax normal, middle farrow delicate . MBtairiBchelhuB Kin. 

Head at its hinder margin with a square incision, above 
broadly furrowed, prothorax at the neck broadly 
widen^, almost rectanralar, towards the centre 
strongly inclined, middle furrow large, deep Antorhachis Kin, 

6. Besides the suture, one or two additional ribs are present 


lateral ribs at most indicated by punctation . . 6. 

All ribs are present. 7. 

6, Head broad, eyes close to the posterior margin . . Trachelitut Sohoenh. 

Head longer than broad, eyes distant by their diameter 
from the neck HttniMimhlu4 Kin. 


7. Head above and at the sides with several Indentations or 

incisions, or at its upper outer edge or laterally with a 
tuberole—like swellmg. 

Head not indented, smoothly rounded off . . . 

8. Front femora toothed. Higon\%a Lewis. 

Front femora not toothed 

9. Head longer than broad, eves much moved forwards Miolinpa Paso. 
Head short, eyes always plaoea more or less closely to the 

base. 


8 . 

18. 


9. 


10. Rib distinctly curved at the apex and forming a strong 

keel or hump. 

Rib not specially marked .. 

11. Head somewhat square, above on either side hump-like 

swollen, prorostrum round, furrowed almost up to the 
tip, highly shining species ..... 

Head transverse or triangular, above not swollen, pro¬ 
rostrum furrowed at most at the base or not at all, more 
or loss 4-comnrod sjiecies, only slightly shining • 

12. Prorostrum much longor than the metarostrum 
Prorostrum only slightly longer than the motarostrum or 

of equal length. 

13. Metarostrum wodge-like, narrowed towards the meso- 

rostrum. 

14. Suture at the posterior edge prolonged beyond the elytra 

Suture not prolonged. 


Tulotui Senna. 

11 . 


Miolispoidea Senna. 


Hypomwlitpa Kin. 
Araiorrhinus Senna. 


13. 


Microtrachelizus Senna. 
Uoplopisthius Senna. 
CarcinopUthius Kolbe. 


AMORPHOCEPHALINAB. 

1. Head rounded, at the utmost farrowed, head deformed . 8. 

Head and rostrum deformed. 8. 

2. Head connected with the rostrum by a narrow longitudi¬ 

nal keel . Symmorpkooerus Sohoenh, 

Head and rostrum separate. Cofdm Sohosoh. 

3. Antennae laterally strongly compressed, 'several times 

broader than thick. pQU$mjbrmdhuM Qmtto, 

Antennae cylindrical, normal. 4. 
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4. Proroitniin narrower than the metaroetrum . • . Leptamorphoctphxdua Kln« 

Proroatrum broader than the metarostrum ... 5. 

6. i:*ro- and meaoroatmm below more or leu drawn out in 
front and thickened, antennae nodose, elytra without 

riba and furrows. ParamorpluKephtdua, Kin. 

Pro- and mesorostrum below not thickened or protracted, 
antennae oylindrioal, elytra ribbed furrowed . • Amorphoceplialua 

m Sohoei:^. 


ARRHENODINAE. 


1. Rostrum as broad as the head, or scarcely narrower, largo, 
stout; mandibles always robust, enclosing a free space 

or not. 2. 

Rostrum narrower than the head, broadened towards the 
anterior edge, with large, projecting mandibles which 
onclosc a large, free space. EapsaHa Laoord. 

Rostrum of similar shape, mandibles small ... 5. 

Rostrum at its front edge not broadened, parallel, mandi¬ 
bles very small ....... Corporaalia Kin. 

Prorostrum very broad, mure or less parallel, front edge 
deeply incised, the mandibles hidden in the 

incision ........ Agticrtihyttchufi Pow. 

Prorostrum always broadened towards the front edge, 
mostly only slightly. Mandibles not hidden in the inci¬ 
sion of the front edge, but projecting ... b. 

B. Rostrum thick, cylindrical very long as compared with 

the head ........ EupiHhu Sciiua. 

Rostrum not cylindrical, of normal length • • . 4. 

4. Mandibles large, pmcerdikc, enclosing a free space ; head 

generally very long, eyes small, ])lacod in front . , Prophtluilviua Lucord. 

Mandibles not large, onolosing only a small free B))acc ; is 
the space large, then tlu mandibles arc unifoiinly 

curved from their base t<» the a) ex .... Lacord. 

5* Prorostrum with laterally })rojocting tooth . . . JStratiorrhiiia l^aso* 

JSot liKithed 0. 

0. Front tibiae strongly cur\cd. on their distal third with a 

stout intonial tooth ...... 7. 


Front tibiss more or loss straight, on their distal third 
not toothed, at most with a slight thickening 

7. Hoad behind the eyes with lateral spines, or produced 

posteriorly almvo the nook ..... 

Head without spines and not produced over the 
nook.. 

8. Elytra with lattico-liko furrows. 

Without lattioe-like furrows. 

0. 1st and 2nd alxlominal segments not furrowed 
1st and 2nd al>dominal segments furrowed 

10. Dull, slender forms 

Highly shining, stout forms ..•••• 

11. lat and 2ud abdominal segments not furrowed 
Isi and 2ud abdominal segments furrowed 
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Cacnorychodes Kin. 
rerurychodea Kin, 

2 . 

11 . 

Ilemwrychodes Kin 

10 . 

Syoryfncfwdc* Kin. 

Pacu toryefiodea Senna, 
JSuborycficdes Kin. 

12. 
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12. Proihoraz deeply furrowed. Parorychodes Kin. 

Prothornx not farrowed, or slightly so at its base . . 13. 

13. Prorostrum narrow. Orychodcs Paso. 

Prorostrum as broad as the head, indented in front of the 
mesorostrum. . . Calorychodts Kin. 


BELOPHERINAE. 


1. Prorostrum at its front edge not at all or only slightly 

enlarged, in any case not laterally produood . . 2. 

Prorostrum at its front edge with a lateral pointed projeo- 
tion. 6. 

2. The whole rostrum above slightly toothed ... 3. 

Only the prorostrum toothed. 4. 

3. El^ra at their sides with rows of punotures, not with 

lattioe»like furrows. Epicoenoreus Senna. 

Elytra with lattice*like furrows. Euphengea Oalabr. 

4. Mesorostrum with stout, oblique spines . . . Deagodinsia Senna. 

Without spines ........ Htterdblyamia Kin. 

6. Prorostrum with a stout lateral tooth .... 6. 

Without lateral tooth. 7 


0. Prorostrum cylindrical ...... Apoctmus Calabr. 

Prorostrum of various shapes, but not cylindrical . . Hopliterrhyuchus Senna. 

7. Basal joint of the antennae disfigured, coarse sculpture, 

teeth and spines, or laterally compressed . . . Ternticorhynchua Kin. 

Basal joint more or loss rounded ..... 8. 

8. Prorostrum in front of the mesorostrum constricted, flat, 

triangular .•••.••• Ectocemua Pasc. 
Prorostrum not triangular ...... 0. 

9. Front tibiae splncd in the middle..... Paeudoftelopheriiti Calabr. 


Without spines ........ 10. 

10. Front legs conspicuously prolonged, rostrum about 4 times 

as long as the head ; prorostrum without tooth . . Jldcrorhynchu'* Calabr. 

Front legs not prolonged, rostrum twice as long as the 
head, prorostrum toothed. ..... Kin, 


ITHYSTHENINAE. 

1. El^ra smooth, besides the suture only one rib, the follow¬ 

ing only in punctured linos. 2. 

Bibs with regular linos of punotures, besides the suture no 
deep ribs. Diurua Pasc. 

2. Antennae short, stout. PUaiophooylidta KXn, 

Antennas long slender «..•,••• 3. 

3. 1st and 2nd abdominal segment furrowed, suture and 2nd 

rib present. Oediocara, Paso. 

Not farrowed, elytra only with suture* other ribs absent 
along the suture a pul;^ent line . . • Achrionot i, Pasc* 
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1. Elytra oa thoir hinder border prolonged • 

Elytra not prolonged. 

2. El^ra toothed at their beee . . • • 

Elytra nut toothed at their base .... 

3. Beaidea the suture no rib present .... 

At least 2 other ribs present . • • • 

4. Hinder border of the eyes toothed, or a deep furrow from 

the oooiput to the eye; head more or less cylindrical 
tibiae narrow and slen^. 


Op U lhenofk n Khij 

2. 

JSfonneeeriM SolMMiih. 

3. 

MekUrachdtu Kin. 

4. 


HUoinuMuM Kin. 


6w Hinder border of the eyes smooth or wavy, not toothed, no 
furrow: head short, straight or longer, oblong, tibie 

generally stoul and broad ... . Schizotrachtlu* Lgcord. 
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PARTn. 


Notes on the Biology of the Brenthi^ae 

BY 

C. F. C. BEESON, IJJS.. MA., D.Sc.. FES. 

Fomi EntomologiiL 

The Brenthidae form a family of beetles, that is essentially char 
acteristic of the forests of tropical and subtropical regions, with very 
few representatives in Europe and North America. It is therefon^ 
natural that little is known of the biology of the family, and the few 
published observations are to-day accepted with reserve. Thr earliest 
general account is that of Sharj) (1901, 295), who qualifies his summary 
with the remark that “an uncertainly, almost completi*. jirexuils as 
to the early stages of this family," Von Schonfeldt, who monographed 
the family in the Genera Insectoium and the Coleopterorum Gatalogus 
in 1908, cites only two or three references to biology. Kleinc (1922, 
167) to w^om we are indebted for reforms on the systematic side, states 
as late as 1922 : —“ Our knowledge of the biological conditions among 

the Brenthidae is most miserable.In general the 

pre-imaginal life-history must probably occur in the cambium of dis¬ 
eased trees. Whether the imagines later feed on herbaceous plants 
or whether they are flower-visitors, is still to be discovered. According 
to other information this is not impossible. Moreover not all Iken- 
thids are xylophagous or phytophagous, a whc'ie grouj) is myimeco- 
philous. Still another mode of development may possibly occur; we 
are not yet awaie of it,'’ 

More recently Klcine published a note—Neuere biologische Beoba- 
chtungen bei Brenthiden (Kleine, 1923, 619-G23)- in which a summary 
is given of the food-trees of Indian brenthids based on infoimation 
in the Forest Research Institute, and attention is drawn to the present 
writer’s discovery of the feeding-habits of the genus Cyphagogus. He 
divides the family into two groups, {a) phytop^gous, and (b) myrme- 
cophilous,—the latter containing only a few forms. 

The phytophagous group may be sub-divided into two sections 

(а) Rostrum similar in both sexes, never filifoim in the female 

(CalodromincB and Siereodertninm). 

(б) Rostrum dimorphic, variable in*the male, filiform in the female, 

and hence suitable for boring (all othet sub families except 
the AnwrphocephalincE). 

[ 171 ] 


0 




2 


Indian forOA Seearia. 


Kleine expresses an opinion that the members of the first of the 
phytophagous sections should exhibit a difEerent type of life-histpiy 
on account of their morphological differences. This is borne out for 
the Calodrcminae by the observations, that have been made on the 
genus Cyphagogus {vide pp. 3—7), of which at least ten species 
use the galleries of Scol}i;idfiB and Platypodidse for the purpose of ovi- 
position. Here we find isophagy among wood-borers carried 
to a competitive degree at which it amounts to robbery or usurpation. 
In the Stereodemiina?. however, the instance of true wood-boring habits 
in Cerohatefi triHtriatus {vide p. 8) ajjpears to show that usurpation is 
not a necessary consequence of peculiar morphology. 

According to Kleine the great majority of the phytophagous bren- 

thids should ])e considered.“ in a certain sense as bark-beetles. 

Their capability lor damage must however be only secondary, for it is 
ex])licitly stated m varifms thoroughly reliable records of tropical collec¬ 
tors, that they live on dead, dving or suppressed trees. In the case 
of m(ue healthv matfjnal the development apjiears to take place only 
m the cambium, and in the case ot rotten trees in the wood also.’’ 
(U. 1923, G19). 

On the other hand, the observations made by the writer suggest 
that the Indian species (at any rate) in the larval stage are true wood- 
borers and not bark-bor<‘rs, and that their habitat is normally in felled 
or fallen timber and not in living trees. The adult beetles occur gre¬ 
gariously between the bark and wood of trees, that have been attacked 
by bark and sapwood-boring larvae, (mainly Longicornia); they often 
hibernate, under dead bark in company with histerids, staphylinids 
and clavicornia, but may be found in most months of the year. The 
eggs appear to be deposited singlv on the surface of the sapwood under 
the shelter of the wood dust and fibres in the excavations of surface- 
borers In many genera the femJile bores a hole in the wood with the 
mandibles for the reception of fclie egg. The larva constructs its own 
gallery radially into the wood, and feeds like the Lymexylonidss and 
Platypodidie on sa]) or 8ii])ro])hvtJc fungi growing in the gallery. Pupa¬ 
tion usually occurs in a cell enlarged along the axis of tunnel, and 
emergence takes jilace via the site of oviposition, e.g Cerobates (vide 
pp. 8, 9). This simple tvpe of life-history may be modified by 
tlie utilisation of the internal tunnels of obher wood-borers, with the 
construction of larval galleries at right angles to the wall of the tunnel, 
as e.g,, the case of MicrotrcuAdmis in the tunnels of Hoplocerambyx 
epinicatfUe {vide p. 10). A further modification occurs when the uti¬ 
lisation of thegaller}^ of another wood-borer involves the ejection of the 
rightful occupant, e.g., in the case of and the Plalypodida^. 
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Sinee tbe Uie-eyek of breatbida progreaaes eonourrontly with those 
of priimry wood’boiers, the family should be racked amoiig the borers 
of freshly felled or faUeix timber, rather than among those groups, that 
establish themselves only after the timber has lost a high proportion of 
its moisture, and has begun to decay. 

The myrmeoophilous group of brenthids includes two types ; symphi- 
iines and robbers. The former live in association with ants nesting 
in the soil as well as in plants, and are characterised by the possession 
of exudatory organs. The latter are usually without excretory pores, 
but exhibit other anatomical modifications. Nothing is known of 
their larval habits. 

The following biological notes on Indian species are arranged in 
systenratic order ; the geographical distribution is given as the majority 
of the records is new. 


CALODllOMlNiE. 

Calodromus Guerin. 

Calodromii}^ ntelh/i (hior. Iisk been taken in the galleries of shot- 
hole borers in Vatica latwecrjoba. Its habits appear to be similar to 
those of species of Cyyhugogus. 

Distribution : Goromaudel (Viast; U. Dihing Kesorvo, Lakhimpur, 
Assam ; Katha, Buima , Andamans ; Nieobars ; Malacca ; Sumatra ; 
Borneo ; rhili])pineH 

(hiMiAoouus Parry. 

\ s 3 )ecies oi (*ifpha(jogus. described by Lewis from Japan in 1883 
was taken by him in “the holes pierced 1) or 8 inches into the trees by 
small wood-boreis *' (Lirwis, 1884, 297). He comments on the struc¬ 
tural modifications m the legs and thoiax, which are of a type, that 
enables the beetles of species of (Jgphagogus “ to enter, pass freely through, 
and e:<])lore the confined recesses of galleries made in hard wood by 
borers of no bigger girtli, but of more perfect cylindricity, than th(»m- 
selvesL’’ Two species of Cypthugogus were described in 1893 by Senna 
from the material obtained by Grouvelle in tobacco bales from Sumatra, 
one of which he named iabacicolu (Seima, 1893, 294). Of this widely- 
distributed species Kleine notes, “ according to Grouvelle's statement, 
it is a question of a species living on tobacco, which probably is also 
to be found on other herbaceous jiients. Hence the dependence on 
forests is less marked and the possibility of distribution greater.” 
(Kleine, 1921, 315). There is, however, little doubts that in addition 
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to the olavioomia described by Grouvelle the imported tobacco har¬ 
boured numerous species of beetles, that do not feed upon it, some 
of them being true wood-borers, as for example Platypus Munct/s, 
Phloeosinus oribratus, Xyleborus semigranosus, XyUi>ofU8 soabripennis, 
etc., ScolytidsB described by Blandford in 1896. Xyleborus semigrano- 
sus is very common in India and has been bred at the Forest Research 
Institute from a large number of species of forest trees. 

In his revision of the genus Cyphagogus Kleine says, “ the circumS’ 
tances, that the females do not have a filiform rostrum, allows one to 
conclude, that they are not wood-borers but live on herbaceous plants.*’ 
(Kleine, 1921, 294). The observations of the wirter on the Indian 
species of the genus do not confirm this hypothesis, but show that they 
are true wood-borers in the larval stage in so far that th^ prepare 
their own larval and pupal galleries. In the adult stage they are com¬ 
petitors with other wood-borers for breeding-sites, laying their eggs 
in the galleries of shot-hole-borers of the families Platypodidse and 
Scolytidae. It is possible that the Cyphagogus may not wait until the 
galleries of their shot-hole-boring hosts are vacated, but may kill or 
eject the inhabitants of those in which tenants are encountered. The 
mandibles of Cyphagogus are suitable for successful attack on the pos¬ 
terior portion of a platypodid beetle, whose chief means of defending 
the brood-gallery is by interposing its body as a living plug. 

Kleine (1923, 620) terms this type of life-history as “ Brutparasit- 
ismus der ziemlich rucksichtslos und robust ausgefuhrt wird.” Esch- 
erich (1923, 432) uses the term “ Wohnungsparasitismus ” for a 
similar state in Crypturgus. It is scarcely social parasitism but 
rather an isophagous competition that has reached a degree at which 
it becomes robbery or usurpation. A similar inference -has been made 
by the writer for species of Phesnosnerus (CossonidcB), that occur under 
identical conditions (c./. Marshall, 1916, F.B.I., 20). 

Cyphagogus westwoodi Parry. 

The possibility that the genus Cyphagogus might possess other 
than a normal wood-boring habit occurred to the writer in 1915 by 
the frequent discovery of individuals of Cyphagogus westwoodi and Cy¬ 
phagogus tabacicola in the galleries of Crossotarsus squamulatus infesting 
sundri (Heritiera Fomes) trees in the deltaic forests of the Sunderbans* 
The Cyphagogus were observed in the entrance tunnels of the Ctosso* 
tarsus and of other platypodids, sometimes near the partially destroyed 
bodies of the brood-parents. As there was no other evident reason 
for the death of the platypodid it was concluded that the brenthids 
were predaoeons. 
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In JunS) 1921, Cyphagogus wesiwoodi and Cyphagogus obconicepe 
vrere bred from the wood of morhal {Vatica lancecBfdia) ooUeoted a 
month previously in Upper Dihing Reserve, Lakhimpur Division, 
Assam. The brenthid galleries were found to be grouped in clusters 
or whorls originating from the horizontal, radial, tunnels of Crosso- 
tarsue saundersi. The gallery of the Crossotarsus is in places slightly 
enlarged, and irregularly pitted with niches, that are possibly the sites 
of oviposition. From these points the Cyphagogus larval work extends 
in short curved tunnels of increasing diameter, and terminates in pupal 
cells closed by plugs of dust and fine fibres. No one of the galleries 
exceeded five times the length of the beetle. Pupas of Cyphagog is 
westwoodi and one Cyphagogus phniftons were recovered from the 
specimen of morhal. Galleries from which the beetles have success¬ 
fully emerged are, of necessity, enlarged towards their proximal end, 
to obtain access to the egg-tunnel by which escape from the tree takes 
place. (See plate III, fig. 2.) 

Cyphagogus westwoodi has also been taken from Poinciana elata 
in the Nilgiris. 

Distribution, Ceylon ; Cochin ; Nilgiris ; Kanara, Bombay ; Lakhim¬ 
pur, Sibsagar, Assam ; Sunderbans, Bengal; Burma ; Indo-china ; 
Perak ; Sumatra ; Java ; Borneo. 

Cyphagogus buccaius Eieine. 

The gallery of a platypodid (? Crossotarsus indicus) in teak (Te ^tona 
grandis) collected in West Salween Division, Burma, shows a group 
of brenthid tunnels at a distance of ^ to 1 intli from the surface of the 
sapwood. The larval tunnels extend on all sides from the wall of the 
platypodid gallery for variable distances, Jth to J an inch, before 
the pupal cell is reached ; they are filled with fine wood-dust more 
closely-packed at the mouth of the pupal cell. While the pre-pupal 
portion of the tunnel may run horizontally or curve, the pupal chamber 
appears always to lie vertically in the trend of the fibres. Two dead 
beetles and obscure larval remains were recovered in the pupal chambers, 

Cyphagogus huccatus has been bred from Shorea robusta attacked 
by shothole borers (R.R.D. 197, 105 and 252, 126) in Goalpara, Assam. 

Distribution : Ceylon ; Pathri, Saharanpur, United Provinces ; 
Goalpara, Assam; North Toungoo, West Salween, Burma; Anda¬ 
mans ; Perak ; Sumatra ; Java ; Borneo. 

Cyphagogus confertulus Eieine. 

Known only from Mesua ferrea in Upper Dihing Reserve, Lakhim* 
pur, Assam. 


i U6 ] 



6 


Indian Forest Reeoris, 


[V0L.XI 


Cyjikagogus corfOToali Kleine. 

In December, 1917, a log of Butea frondosa was collected from 
an old felling at Pathri, Saharanpur Division, United Provinces ; 
it showed signs of attack by Platypus solidus and Xylotrechus smei 
and was caged on 18th December 1917. In February and April, 1918 
numbers of Cyphagogus corporaali emerged. Examination of the 
wood in 1923 revealed the existence of groups of short galleries, 
mainly in a vertical plane in th^ neighbourhood of the horizontal 
galleries of Plafy^ms solidus. The former were filled with a black 
dust due to the sporulation and disintegration of the fungi that develop 
in decaying dhak wood. Their identity was fixed by the occurrence 
of dead immature beetles and pupie of Cyphagogus corporaali. The 
galleries were observed to originate at sliort intervals from the wall 
of the main horizontal Platypus gallery, from which they curve out¬ 
wards and vertically upwards or downwards for a distance of up 
to an inch. The terminal portion forms a pupal chamber in which 
the insects occur with their heads directed towards the Platypus 
gallery, through which the successful individuals make their escape. 
The pre-puj)al })ortion of the gallery is )>acked with fine normally- 
coloured wood-dust. Th(‘ diameter of the pupal cliamber is slightly 
greater than that of the Platypus gallery, but tlie holes bitten by 
the emerging beetles in the walls of the latter are slightly smaller 
and vary with the size of the individual. (See Plate 111, fig. 1). 

Cyphagogus corporaali has been taken from Bauhinia jmrpurea, 
Bonibax malabaricum and Butea frondosa in Saharanpur Division, 
United Provinces, and from Tectona grandis in Nilambur, Madras. 

DistribxUimi: Ceylon ; Madras; North Gujerat : Saharanpur, 
United Provinces ; Burma ; Java ; Borneo. 


Cyphagogus eichhomi Kirsch. 

In Bomhax malabanciim in Singhbhum. 

Distribution : Singhbhum, Bihar and Orissa ; Patkai Mts., Assam ; 
Btirm^; Andamans ; Malacca : Sumatra ; Borneo. 


Cyphagogus gladiator Kleine. 

In Mallotus alba and Mesua ferrea in Nambor Reserve, Sibsagar, 
Assam. 

Distribution: Sibsagar, Assam ; Perak ; Sumatra ; Borneo * 
Philippines. 
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Cyphagogua obconiceps Senna. 

Bred from platypodid galleries in VcUica lanceafoha from Upper 
DiHng Reserve, Lakhimpur, Assam—The larval work of Cyphagogm 
obconiceps is similar to that of Cyphagogus wcstwoodi (vide ante). 

Distribution : Lakhimpur, Assam ; Malacca ; Sumatra ; Borneo, 

Cyphagogus planifrons Kirsch. 

Taken as beethi froui Mesua ferrea and as mature p\i})a from pupal 
chamber constructed alongside platypodid galleries in Vatica Jan- 
'*ecBfolia —both in Assam. 

Distribution : Nilgiris ; Sibsagar, Lakhimj)iir, Assam ; Siam ; 
Malacca ; Sumatra ; Borneo ; i^hilippines. 


Cyphagogus simulator Senna. 

From Vatica lancecefolia in Assam. 

Distribution: Sibsagar, Lakhimpur, Assam; IVnang; Sumatra; 
Java. 


Cyphagogus tabacicola Senna. 


From platypodid galhjries in Ileniicra Finnes in the Sunderbans, 
Vatica lanceafolia in Assam and Melanorrhoen usitata in Burma. 

Distribution : Niligiris ; Sunderbans, Bengal ; Sibsagar, Assam ; 
Hsipaw, N. Shan States ; Andamans ; Penang ; Sumatra ; Java ; 
Borneo. 

Euskbus Kleine. 


Eusfhus adelphus Kolbe has been found in Butea frondosa attacked 
by Xyleborus parvulus Eichh. 

Distribution : ('eylon ; I’athri, Sahaianpur, U.P. 


PsEUDocYPiiAaoous Desbroclicr des Loges. 

PseudocypJutgogus squamifer Desbr. was bred from a log of Dip- 
terocar2)Us pilosus that was attacked by an undescribed platypodid, 
with which were associated Phwnomerus reclimtus Mshl. and P, sund- 
evaUi Boh, The log (R. R. D. 870, 20. 227) collected in Upper Dihing 
Reserve, Lakhimpur, on 20th May 1921 and caged on llth June 1921 
yielded Platypodidas from r4th Jime,1921 to 27th July 1921. Pseudo 
cyphagogus bred out from lOtli March 1922 to I7th June 1922,— 
the maximum emergence occurring in May, and indicating an 
annual generation. 
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The larval galleries assigned doubtfully to Pseuiocyphagogw were 
not associated with those of the shot-hole borer but occurred in the 
sapwood in the form of short radial tunnels connected with vertical 
and horizontal branches of variable diameter. 

Two specimens of P8eudocy2)hagoguB sqmmifer were bred from 
Shorea asaamica originating from Margerita, Assam (B.B.D. 934, 75, 
143) in May 1922 from a log caged in September 1921. 

Distribution : Upper Dihing Reserve, Lakhimpur, Assam ; Anda< 
mans ; Siam ; Penang ; Borneo. 

Alubometrus Senna. 

AllcBomelrus breviceps Senna was taken in Shorea robusta in Jalpai- 
guri and Buxa Divisions, Bengal. 

Distribution ; Kanara, Bombay ; Buxa, Jalpaiguri, Bengal; Garo 
Hills, Assam ; Indo-China ; Sumalia ; Java ; Borneo ; Formosa ; 
Queensland. 

Allcsometrus deformis Kleine is recorded by Stebbing (1914, 391) 
under the n ime of Zemioses sp., in tunnels in the wood of Shorea nbusta. 

Distribution : Goalpara, Assam. 


STEREODERMINAK 
Cerobates Schoenherr. 

With reference to specimens of Cerobates sexsulcatus Motsch. taken 
in Cambodia and (^ochiu China Kleine says (1922, 157). “ According 
to the statement of the collector the insects develop under the bark 
of trees and the imagines were caught in a garden on water-cresses’*. 
Beyond the fact that the beetles are to be found commonly under 
dead bark no further information on the life-history of members of 
this large genus has been published. 

Observations have been made on the biology of Cerobates tristriatus, 
in an oasis in savannah forest at Pathri, Saharanpur, December 1917, 
in branches of the fallen crown of Bombax malabaricum attacked by 
Ploccederus obesuSy Macrotoma crenaUiy Mecuiocerus bardus, Rhadi- 
nomeris bombacts and XyUborus perforans. 

The beetles apparently lay eggs singly on the surface of the sapwood 
of trees with partially decayed bark : the larva bores a radial gaUery 
into the soft wood. In its early stages the gallery is very slightly tapered, 
increasing in diameter from the fine needle-hole on the surface of the 
wood towards tile centre of the log. Its final length does not exceed 
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two isohes; its course in the horizontal plane is straight or slightly 
curved; it contains fine wood-dust at the outer end and is empty in 
the newer portions. In its later stages the gallery is widened uniformly 
throughout with the growth in size of the larva except at the extreme 
outer end, which remains as a fine needle-hole. The diameter is suffi¬ 
ciently great to permit the larva to turn freely in the gallery. The 
products of excavation are apparently ejected at intervals, although 
near the time of pupation it may contain a quantity of moist excrement 
and wood-dust, which readily becomes discoloured and permeated 
with mycelium. 

The galleries occur in close groups more or less intermingled but 
not oommunioating or branching. Bometimts they intersect Xyle- 
borus galleries so that Cerobales larvflc may be found in Xyleborua gal- 
laries and the scolytids may wander into the brenthid galleries. 

In the development of its gallery Verohatea resembles the lymexy- 
lonid Hylocoeius and apparently its food is similarly sap and moulds. 

From a Boinbax log caged in December, 11)17, Cerokttes emerged 
' between the 17th March and 2nd April of the following year the swarm 
occurring most strongly between 2()th and 21)th March. 

A description of the larva is given in part III, pp. 1—3, Plate IV. 

Oerobates sexsulcatus has been found boring in felled Butea frondosa 
attacked by Xyleborns parvidns, at Kanipur, Siwaliks, February, 
1924. The larval tunnel is similar to that of Cerofxitefi tristriatus 
and a description of the larva is given by the Systematic 
Entomologist on p. 6, Part III. (See also Plate 111, fig. 3). 

Distribution : Ceylon ; India ; Burma , Indo-China ; Malay Archi¬ 
pelago ; New Cuinea. 


TRACHELlZlNiE 
Trachelizur Schoenherr. 

TracheUzus bisulcalus F. has been bred from caged logs of Bombax 
fnalabaricum, Butea frondosay Ficus asperrimoy Ficus glonicrata and 
Ficus rdigiosa. The beetles occur commonly under th** thick decaying 
bark of fallen trees. 

Distribution : Ceylon ; British India ; to Australia. 

HiGONfUS Lewis. 

nigonius eUo Lewis has been found in Castanopsis tribuloides and 
JUUktHa auricidata in Assam. 
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Distribution : Sibsagar, and Makum Reserve, Lakhimpur, Assam ; 
B irma ; Philippines ; Fonnosa ; Japan. 

Higonius crux Oliff. is attiaeted to newly felled Tectona grandis. 

DistHbution : North Toungoo, Burma ; Andamans : Tongking ; 
Penang ; Sumatra ; Borneo. 

Araiorrhinus Senna. 

Arniorrhinus beesoni Kloine was taken under the bark of Tectona 
fjrandis. 

Distribution : Mohnyin Reserve, Katha, Burma. 

Microtrachelizus Senna. 

Mtcrotractielizm acco^nodatus Kleine has been bred from Shorea 
assamica in Lakhimpur Division and from Vateria indica in North 
Malabar, Madras. 

Distribution : North Malabar. Madras; Margherita, Lakhimpur, 
Assam ; Perak ; Borneo. 

MicrotracheUzua aperlus Kleine has been obtained f^om DaJbergia 
assamica^ Ehretia acuminata, tuad Mesua ferrea in Assam ; its habits are 
presumably the same as those of the following species. 

Distribution : Gopaldhara, Darjeeling, Bengal; Nambor Reserve, 
Sibsagar, Upper Diking Re^serve, Lakhimpur. Assam. 

Microtrachelizus benejicus Kleine. 

This species was bred from a log of Shorea assamica (R. R. D. 934,75, 
143) from Margherita, Laklumpur Division, Assam caged on 12th October 
1921. The timber was heavily attacked by Xgleborus perforans Woll., 
Xyleborus parvulus^ichh., Xffleborus shoreoe Stebb., Diapus sp. nov., 
Dendrotrogus angustipenrns ,ford., Dialeges pauper Pasc., Hoploceramhyx 
spinicomis Newra. associated ^ith Phcenomerus hrevirostris Mshl., Phtcno- 
merus snndcvalU Boh., Suborychodes intermedius Kleine, and Pseudocy- 
phagogus squatnifer Desbr. 

Although associated with shot-hole borers, Microtrachelizus accomo- 
(lotus is'not a gallery-parasite of either of the species mentioned. On 
the contrary, it makes use of the pre-pupal tunnels of Hoplooerambyx 
spinicomis as sites for ovi]K)sition, appai^ent'y a case of synoecy. 

The parents enter the bark of the bored log by means of ejection- 
holes, e c,, and while the mature larvae of Hoploceramhyx spinicomis 
are hibernating they penetrate the tunnels leading from the sap-wood 
to the pupal chamber in the heart-wood. The pre-pupal tunnels are 
usually filled with coarse fibres derived from the heart-wood, bat theee 
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are not packed tightly enough to offer obstruction to the brenthid. Sggs 
are laid singly but abundantly on the wall of the tunnel (vute Plate III 
fig. 5 which shows the distribution of oviposition sites in the pre-pupal 
tunnel). The larv89 hatching out excavate tunnels, one to two inches 
long, that curve outwards in a whorl from the HopLocerambyx tunnel 
(vide Plate III fig. 4 ), Presumably their food is sap and sapro¬ 
phytic fungi, as the larva) evidently move freely to and fro and tlie 
abandoned tunnels are found to contain mainly mildewed excrement 
with very little wood-dust. Pu]>ation takes jdace in a slightly enlarged 
chamber at the base of the larval gallery ; the pupal chamber is plugged 
at both ends before the larva pupates. The beetle emerges by enlarging 
the orifice of the larval gallery and escapes into the Hoplooerambyx 
tuzmel. 

The emergence period of Microtrachelizus beneficus is prolonged for a 
year with two marked swarms oceiirring from 15th November to 30th 
December, and 15th April to 15th Jime, the latter being less abundant. 
The distribution by six-day ]>eriods is as follows 


1921 - 

r>, Oct<)l>cr 
14-19, OctobtM- . 
20-25, October , 
26-31, October . 
13-18, NovomlH ‘1 
19-24, Novembei 
25-30, NovemlxT 
1-6, December 
7-12, December • 
13-18, Dccemlwr 
19-24, Docembei 
25-30. Deccinbei 
1922 

'..2-17, January . 
18-23, January . 

23- 28, February . 
1-6, March . 

7-12, March 

18-23, April 

24- 29, Ai)ril 
30 5, May . 

6 11. May . 

12-17, May 
18-23, May 
24-29, May 
30-4, Juno . 
23-28, June 
29-3, July . 

22-27, July 


liOg caged. 
2 


1 

3 " 

19 

15 


8 

3 


>67 8uaim 


4 

4 


2 

1 


I 

1 




1 

2 

4 

6 

8 


>25 H\earm 




1 

1 
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The speoies of shot-hole borers breeding in the same log have emer¬ 
gence-periods, that indicate different types of development from that of 
the brenthid. 

Diapus sp. nov. was emerging when the log was caged ; the swarm 
reached its maximum at the end of October, and gradually decreased in 
abundance throughout November and December. After the first of 
January, 1922, only a few stragglers appeared. 

XyUborus perforans was abo swarming in the middle of October, 
but ceased through the cold months, and completed its emergence n a 
small swarm from the end of February to the end of March, 1922. 

XyUborus shoreop showed only a feeble emergence from October to 
March, but swarmed strongly from 15th March to 30th April. 

It is possible that the two swarm-periods represent two generations 
of Microirachelizus beneficus If that is so, the May brood must normally 
use another host than Hoplocerambyx spimcorms (whose pre-pupal tunnels 
are available only in the autuiim and cold weather), whenever the timber 
dries up fast enough to make it unsuitable for re-attack. 

Distribution : Margherita, Lakhimpur Division, Assam. 


Hoplopisthius Senna. 

Hoplopisthius trichiwerus Senna from Datbergia assamica. 
Distribution : Upper Dihing Res., Lakhimpur, Assam; Burma; 
Perak ; Sumatra ; Java , Borneo , Philippines ; Formosa. 

Carcinopisthius Kolbe. 

Cardnopisthius niaculafus Senna from Diplerocarpus pilosus. 
Distribution : Nakachari, Sibsagar, and Garo Hills, Assam ; Burma ; 
Sumatra. 

Carcinopisthius oberthuri Senna from Dipterocarpu pilosus. 
Distribution : Nakachari, Sibsagar, Assam; Burma; Formosa. 


ARRHENODINiE. 

Prophthalmus liacordaire. 

Prophthalmus tridentus F, is recorded by Stebbing (1914, 391 fig. 263) 
from Ptero^permum acerifolium in Balipara Res., Darrang. He found two 
pupss in pupal chambers in fresh, moist, sap-wood. ** The chambers 
were elongate and paial el to the long axis of the tree, and about half an 
inch deep in the aaiHWood.” 
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Distribution : Darrang, Assam ; Andamans ; Perak ; Sumatra; Java ; 
Borneo; Celebes. 


Baryrrhynchus Lacordaire. 

Baryrrhynchus miles Boh. is known only from “ Naga kola ** (? 
Alphonsea ventricosa) in Nambor Res., Sibsagar, Assam. 

Distribution : Ceylon ; Triohinopoli; Nilgiris ; Nepal; Darjeeling, 
Buxa. Kurseong, Chittagong Hills, Bengal; Garo Hills, Khasia Hills; 
Kalimpong ; Sibsagar, Assam ; Manipur; Burma ; lndo>China ; Hainan 
Island ; Java ; Borneo. 

Caenorychodes Kleine. 

Ccmorychodes planicollis Wlk. from Alphonsea ventricosa in Assam and 
Ficus sp. in the Central Provinres and Poinciania data in the Nilgiris. 

Distribution : Ceylon ; Paliiia ; Nilgiris ; Coorg; Khandesh, Kanara, 
Bombay ; South Raipur, Central Provinces ; Kheri, United Provinces ; 
Kurseong, Darjeeling, Sikkim ; North Cachar, Sibsagar, Assam ; Katlia, 
Burma , Andamans ; Siam ; Indo-China ; Formosa. 


StTBORYCJfODES Kleine. 

Subori/chodes intermedins Kleine has been bred from Shorea robusta 
in the forests of Dehra Dun division. A log caged on 19th December 
1919 (R. R. D. 057, 271, 198) yielded beetles in June 1920, and another 
log caged Pith April, 1921 (R. R. 1). 849, 2, VI) yielded beetles in June 
1921). 

Pieces of Shorea assammi from Margherita, Lakhimpur Division 
caged on Pith October 1921 (R. R. D. 934, 75,143) established a defiuite 
swarm period for Snborychodes intermedins lasting from 15th April to 16th 
June, 1922 with the maximum emergence in the first week of May. 

Arranged by six-day periods individuals appeared on the following 
dates:— 


1921— 

12, October 
16.21, AprU 
22-27, April 
28-3, May . 
4-9, May . 
10-15, May 
16-21, May 
22^, May 
28-2, Jane . 
2-8, Jana 


J.i<)g raged. 
4 
3 

11 

7 

1 

2 

1 

2 
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Tbe timber was also attacked by numerous sbot-bole borers, longi- 
corns and other borers, so that the brenthid galleries were obscured. 

Parorychodeb Kleine. 

Parorychodes cereas Kleine from Alphonsea ventricosa, 

DistribiUion : Nambor Res., Sibsagar, Assam. 


PSEUDOCEOCEPHALINiE. 

OnsTHENOPLUS Kleine. 

Ojnsfhenophis cavus Wlk. has becji bred from Shorea robusta in Dehra 
Dun and taken also from Odina wodier and Kydia calycina, 

Distrihution : (’eylon; Nilgiris; Kanara, Bombay; Dehra Dun, 
Gonda, Unit<»d Provinces ; Garo Hills, Lakhimpur, Assam ; Burma ; 
Andamans ; Indo-China ; Penang ; Sumatra ; Borneo. 

Opisthenoplus fasnnaim Kl(*ine is known from Bidea frondosa, Ter- 
mitudia belerica, and Terminalia chehula in Dehra Dun. The species was 
erroneously recorded t)y Stebbing (1914, 390) as Ceocephalm earns (sic) 
Walk. 

Distribution : Dehra Dun, Siwaliks, Saharanpur, United Provinces ; 
Sumatra ; Formosa ; Phili])pines. 

Hormocerxts Schoenherr. 

Homiocems rcticulalus F. The biology of this widely-distributed 
species remains undiscovered except for the know ledge that it is frequently 
associated with Bombai' malabaricinn. It has been bred out of Bembax 
malabaricim from Singhbhum, Biliar and Orissa. Stebbing (1914, 
S89) records it from Castanopsis Iribxdoldes. 

DistribtUioti: Ceylon ; British India to Australia. 


1.1ST OF SPECIES OF TREES WITH THE ASSOCIATED SPECTES 
OF BRENTHIDAE. 

Albizzia LUCiDA Benth. 

GerobatVx^ scjcsulcatus M, 

Aephonbea ventricosa Hook. F. et Th. 

Baryrrhfpwhus wiles Boh. 

Vanorychodes phnicollis Wlk. 

Parorychodes cereus Kleine. 
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Artocarpus LAKOOCHA Koxb. 
Gerobafes fossul-atus M. 

Bauhinia purpurka Linn. 
Ct/phagogus corporaalt Kleine. 

Bombax malabarioum Do. 

Cerobates (risfriatm F. 

Cgphagogus corporauli Kleino. 

Cyphagogns cichhomi Kirsch. 
tiormoceruH reticidatus F. 

Trachelizm hisulcatus F. 

Butea frondo.sa Hoxl). 

ticjraulcaius M. 

Cerobates iristriatus F. 

Cypfutgogus uvrporaali Kleidno. 

Eusebus adelphus Kolbe. 

Ophdhenoplus fasnnatm Kleino. 

Tmchelizus bxsxdcatus F. 

Castanopsis tribuloides ado. 

Higomus cilo Lewis. 

Uormocerm rcticulaHis F. 

Dalbergia ahbamk’a Benih. 

Uoplopislhinfi trichimerus Senna. 
Mtcrotracheliziis aperius Kleine. 

Dipterocarpus piLOSUB Roxb. 

('arcwopisthius maculatm Senna. 
Catcinopisthiub oberlhuri Senna. 
Pscudocyphagogus squamifer Desb)’. 

Dysoxylum binbctarifbrum Hook. 

Cerobates mmairanite Senna. 

CerobcUes sexaulcaius M. 

« 

Ehbetia acuminata Br. 

Microtradielizw apertus Kleise. 
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Ebytheina iNDioA Lam. 
Trachdizus biaulcaiua Land. 

Ficus sp. 

Ccmorychodes jAanicollia Wlk. 

Ficus asperrima Boxb. 
Trackvlizus tnmdmius F. 

Kiel's OLOMKRATA Eoxb. 
Trachelizus bisulcatm F. 

Ficus [{KLigioba Linn. 
Trachelizus hisulcatus F. 

Heritiera tOMES Bucb. 

Cyphagogus iahacivola Senna. 

Cyphagogus tvesfwoodt Parry. 

Kydia ( Alyoina Roxb. 
Opisthenoplns cavus Wlk. 

Mallotus alba Miiell. 
Cyphagogus gladiator Kleine. 

Melanorrhoea usitata Wall. 
Cyphagogus Uihadcola Senna. 

Mesua ferrea Linn. 

Cyphagogus eonfertulus Kleine. 

^Cyphagogus gladiator Kleine. 

Cyphagogus plauijrov^ Kirsch. 
Microfrachehzus apertus Kleine. 

Millettia AURicuLATA Baker. 
Higmiius cilo Lewis. 

Odika wodier Roxb. 
Opistkmiafime gams Wlk. 
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PomoiANA ELATA Linn. 
Caenorychodes planicollis Wlk. 

Cyphagogus westtooodi Parry. 

Prophthalmus ddesserti Pow, 

Trachelizm bisulcatus Lund. 

PtEROSPERMUM ACERIFOLIUM Willd. 
Prophthalmus tndcntatus F. 

Shorea assamica Dyer. 

MicroiraChelizus acconiodatits Kleine. 
Microtrachelizvs henefivus Kleine. 
Pseudocyphagogus sqmnnfer Debr. 
Suborychodes intermedins Kleine. 

Shorea robitsta Gaertn. f. 

Allceomeirus breviceps Senna. 

AUwometrns deformis Kleine. 

Cyphagogns bnccatus Kleine. 

Opisihenoplus cams Wlk. 

Suborychodes intermedins Kleine. 

Tectona grandis Linn. 

Araiorrhinus beesoni Kleine. 

Cyphagogns bnccatus Kleine. 

Cyphagogns corporaah Kleine. 

Higonius crux Olil!. 

Terminalia belerica Boxb. 
Opisthenoplns fascinatus Kleine. 

Terminalia chbbula ReU. 
Opisihenoplus fasdnatus Kleine. 
Opisthenoplns cams Walk. 

Terminalia tomentosa W. et. A. 
Opisihenoplus cams Walk. 

Vateria indica Linn. 
Microtrachdizus accomodatus Kleine. 
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Vatioa lanoe^polia BL 

Calodromus mdlyi Guor. 

Cypluigogus obccfnicejis Sezma 
Cyphagogus plamfrons Kimh 
Cyphagogixs simulator Senna. 
Cyphagogus tabacicola Senna. 
Cyphagogus wehHroodi Parr>'. 


Addenda : Recent records include :— 

POINCIANA ELATA. 

Cerobatcs concisus Kleine. 

Shorea ROnUSTA. 

Iligonnts cruoc Ollif. 

Sterculia villosa. 
Micfotiachchzus apertm Kleine, 
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DESCRIPTION OF PLATE III. 

The Tunnels of Bbenthidae. 

Fig 1. Larval tutmelfi of Cyphagogu^ corporaali originating from a gallery of Platypus 
solidus in Bulea frondosa. 

„ 2. I.iarval tunnels of Cyphaqagus wesiwoodi radiating from a gallery of Crossotarsvs 

Hp. in Vatica lanetaefolta. Note irregular pitting of the Crossotarsus gallerj^ 
and the pupal cells of Cyphagogus at the end of the larval tunnels. 

3. I.«ongitud>im] se<*tion of a Cfrobafes tunnel showing the ajiex narroned towards 
the outer surface of the sapwood 

„ 4. Transverse section of the prejmpal tunnel of Hoplocerambyx spinicorms in Shorea 

assamtea showing the origin and trend of the tunnels of Microtrachelizus 
bfnefirus. Note location <if jiupaf cells. 

M f>. Longitudinal section of the prepupal tunnel and pupal chamber of Hoploceranf 
byx spinicornts showing the location of the exit holes of Microtrachelizus 
benefirui. 

„ (1 liongitudinal sectifon of tunnels of Cerobales tristriatus in Bombai, malabaricum. 




















PARTm. 


DMcription of (a) the larva of Cerofrate* trUtriatus 
Lund, (b) the larva of Cero bates sexsulcatus Mot$ch 
(c) the pupa of Cyphagogus corporaali Kleine. 

BY 

J. C. M. GARDNER. I.F.S.. A.R.C.S.. D.I.C., F£.S. 

Systematic Entmnohgist, 

( a ) Cero BATES tristrtatus. Lund. 

Larva. 

(PI. 4, figs. 1-8.) 

Material, -About thirty larva), ox Bomhujo mahbancnm, collectod 
by Dr. C. F. 0. Beeson at I’athri, Saharanpur, U. P., 15th D(*cember 
1917. 

Length,- About 8 mm from head to anus when in normal curved 
position ; width about 1 nun. 

Colour. -White with bead and small iiatches on prothorax and mota- 
thorax yellow to brown. Skin soft, glabrous except for a few rather 
long setae on head and terminal segment, and a lew short hairs on remain¬ 
der of body. 

Form .—Widely cyrtiform, cylindric, elongate; thoracic segments 
larger than abdominal segments, Epipleural region protruberant 
along sides of body. With three pairs of leg like structures. 

Head Capsule {PL 4, figs. 5, 7 ).—Outline circular posteriorly ; slightly 
longer than broad ; no posterior emargination. 

Epicranial halves meeting dorsally, each half with seven or eight long 
setse; epicranial suture about half length of capsule. 

Frons {PL 4, fig. 7, /) shield shaped ; with five pairs of setae and two 
pairs of small circular pits, frontal sutures sinuate posteriorly and anter¬ 
iorly deflected by antennal ring laterally to meet pleurostoma. Epdstoma 
represented by thickened anterior margin of frons, nearly straight, with 
a stronger chitinous thickening on ea^ side to receive dorsal mandibular 
articulations; with two pairs of setae projecting over olypeus. 

Pleurostoma represented by thickened edge of capsule between 
dorsal and ventral mandibular condyles; Occipital foramen (PI 4, fig. 
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5, of) triangular, aidea curved, the anterior, transverse side being the 
longest; length of foramen slightly less than half that of the head ; with 
a median vertical ]jlato, the occipital apodeme, arising from posterior 
margin of e]ji(?ranial suture and extending nearly half ^^ay across foia- 
men. A strong hridg(i one fourth as long as the occipital separates 
this foramen from the transverse oval anterior foramen ; this bridge 
anteriorly with two ajjproxiiuate strong tentorial projections forming 
base of tentorial arms. 

The hf^pophari/tufeal bracon {PI. 4. fig. 5, hy. br.) is a chitinous bar 
bridging the Jinterior ventral luirgin of the head ca])sule between the 
ventral mandibidar condyles, 

Aotrnoa (PI. 4. fig. :i). Just ])Osterior to pleurostoma ; represented 
by a small cir(?ular monbranous cushion })earing on iis summit three or 
four minute papilhe and a slender slightly tapering terminal joint; width 
of antennal ring about tliree-fifths that of labium. Length of terminal 
joint lessthan I/lth width of labium. 

Plypvfi.s. 'Pransverse, tra]>ezoidal, ])ostoriorly wider than labium, 
jmstei ior angl(?s attached to epistoiua by strong chitinous brackets. 

Lohmoi {PI. /. Jig. 7, Ihr.). Uectangidar, slightly broader than 
long with a lateial dorsal ])roiuinence on each side reaching a})Out half 
way to apex ol lahiuiu and law ring two setfc, one long and one short ; 
imalian part of animior margin produced into a wide lobe; anterior 
margin with about six small S(?ta* near middle and one small seta near 
ajiex ol e.a<'h epipharyngeul rod. 

Mathlihlf'.^ (Pi /, Jig. Seen from side, triangular longer 

than wide ; with three te«ith, Tiamely an a])ical tooth, a second one just 
ab<»ve ami posterior to tlie brst. and a third blunt t<a:»th near middle of 
dorsal etlg<»; lateral face with two short seta*. 

Moj illo (1*1. •/, Jig. J). Tiojecting beyond mandibles. Canlo (r//) 
distinct ab(»ut half as long as sti])es and mala together, apparently 
formed of two jjieees. Stipes (.<0 fused with the single lobe (mala) 
and ])alpifer to form an elongate structure which has a rectilinear outer 
edg(\ and is about three times as long as its greatest width, this structure 
with three large and <me minute seta* near middle. Mola (ma) single, 
represented by the rather slmulei bluntly rounded anterior projection of 
the stipital .structure ; mala armed on dorsal surfac(? with a longitudinal 
row of about fourteen acute mesad seta?, the anterior setae being lan¬ 
ceolate acuminate and short while the posterior 5 seta* are longer and 
aoiculate. Palpifer not defined. Palpus (mp) two jointed, projecting 
beyond mala ; basal joint aUghtly wider than long with a single seta 
near a]>ex ventrallv ; terminal joint cylindrical bluntly rounded at 
apex, shorter than basal joint and slightly longer than wide. 
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Labium (P/. 4, fig, 5).— Mentum {mt) not demarcated from submeiitum 
(m) but fused with it to form a large fleshy trapezoidal plate continuous 
posteriorly with prothoraoic skin ; this plate with three 8i>ta' on each 
aide. Stipes labii (sfl) posteriorly strengthened by a fairly distinct 
semi-circular chitinous bund with a weak median caudafl j)rojection ; 
with a short stout seta on each side near posterior margin and on the 
sub-rectangular area between these seta? and labial palpi a patch of 
minute setae or asperities. There is no distinct lalual pal])iger. Labial 
palpus (Ip) two jointed, first joint wdder than longer ; terminal joint 
cylindrical, bluntly rounded at apex, longer that terminal joint of ma.xil- 
lary palpus. Ligula (li) transverse armed with two jiairs of slioit setie, 
one pair being apical. 

Maxillular area with two elongate setose lobes reaching nearly to 
apex of ligula and separated from one another by a tine groove : the 
external margins of these lobes with a chitinous thickening ])osteriorly 
where junction with the hypopharyngeal hr aeon occurs. 

Thorax (PL 4, fig. 1). Prothorax with distinct yellowish tra]»ezoidal 
tergal ])late which is about three times as wide as long and has 
about eight seta? on anterior margin and one seta on eacli lateral 
n\argin ; ])rescutal area short, transverse. Mesothorax and wetathorax 
each with two distinct transverse dorsal aieas, the anterior being 
the presciitum and the jiosterior the scuto-sciit(‘llum ; jirescutiim 
of mesothorax smill, lenticular; scuto-scutelliim of mesothorax 
large, transverse and deeply emarginale behind where the ])ro- 
trubcraiit ])rcscutujn ol metathorax projijcts into it, tiie lati^ral 
lobes thus formed armed ])osterioily wit)' small Iransverst? as¬ 
perities ; dorsal areas of metathorax witli minute as]>eiities ; alar 
area and epipleurum of meso-and metathorax sub-oval, swollen and 
with minute as])erities anteriorly. The single thoracic s])iracle large 
oval, borne on a small ])re ejujileairite jorced into jjrothoiax from 
mesothorax width about two thirds lengtli. Kacdi thoraidc segnumt 
with a pair of leg-like structures or legs each leg (PL 4, fig. 6) consist¬ 
ing of a stout basal joint armed with four seta* and a distal conical 
joint with one long and four shorter seta' at its apex*. Transverse 
divisions of sternum indistinct. 

Abdomeu. - Each of first six segments divided dorsally into four 
transverse areas, the anterior area of each segmemt minutely asperate. 
Each segment with jirotruberant elongate epipleurai and hypopJourai 
areas ; epipleurum parallel sided, not quite reaching ‘^anterior margin 
of segment, with a single seta ; hypopleurum with two or three small 


* Some of the smaller larvse in this material have only two apical setm on the logs. 
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8et«B ; these protruberances larger and more irregular on last three seg¬ 
ments. Spiracles eight pairs, sub-circular, about two-thirds as long as 
thoracic spiracle ; eighth spiracle more dorsal than remainder. Eighth 
segment dorsally with a transverse row of about eight rather long s^ee. 
Ninth segment dorsally somewhat protruberant rounded and with five 
pairs of rather long set©. Anus borne near posterior ventral margin, 
with a transverse somewhat sinuate cleft and a short median cleft; 
areas surrounding anus minutely asperate. 

Notes — Descriptions, supposed to be those of Brenthid larv© were 
published by Harris and by Motschulsky, but both authors were mistaken 
in their diagnosis, as has been pointed out by Sharp (1901, 296). Riley 
described and figured the larva and pupa of En^salis minuta in 1881. 
These figures are re])roducod by Packard (1890, 70, fig. 20) and by Sharp 
(1. c. fig. ir)0), and the description by Felt (1905, 262). According to 
Riley the larva of Kupsalis has 3 pairs of very small three-jointed thoracic 
legs, the terminal joint being a mere bristle. Heller (1904, 397, 400, t. v. 
fig. 8-10) describes and figures the larva of Breuthus lineicoUis from 
Brazil with 3 ])airs of tubercular tw'o-jointed legs, and comments on the 
occurrence of rudimentary legs in the (^urculionid©. 

Muir (1913, 220. fig. 1-3) illustrates the larva and pupa of Lasiorh- 
yttrhus (xirbicoi hI s irom Xmv Zealand stating that the normal larva has 
very small two-jointed legs, but an abnoimal specimen was found with 
large distinctly six jointod legs and two pairs of well-defined wing-pads, 
Dammerman (1919, 74, tig, 26) reproduces an original figure of an under¬ 
mined brenthid larva from Java, with the legs represented as two pairs 
of tufts of bristles. 

Laineero (1903, 162), forming his opinion largely from the descrip¬ 
tion and figure of the larva of EupsaUs minuta Drury given by Riley, 
disputed the relationship of the Brenthid© with the Rhynoophora, 
but as Heller points out he was probably misled by the lack of detail in 
Riley's description. 

Dr. A. (>. Boving very kindly gave me a hitherto unpublished plate 
showing larval details in EupsaUs minuta, and this, in common with the 
species described above, shows the characters common to the 
Rhyncophora, e.g. The canned body form; the much reduced 
antenna; the continuity of submentum and prothoracic skin, and 
the presence of a hypopharyngoal bracon. The presence of the 
log-like structures (Warzenbeine or Pseudopodien are term suggested 
by Holler) is not incompatible with rhynoophorous affinities as 
many curculionid larv© show somewhat similar but less evident 
ambulatory warts. I have seen two larval skins of Cyphagogus spp. 
in which no distinct l^s are traceable; the material however is too 
disintegrated to justify a definite statesnent. 
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Paet rV. ] Qabdnsb ; Descriptim of larvcd of CerobcUes tristriatus^ etc. 5 
(b) Cbbobates sexsulcatus Motsch. 

Labva. 

This larva resembles that of Cerobates tristriatus in its general appear¬ 
ance but can be distinguished most easily by the form and size of the 
thoracic spiracle, which is small and sub-circular in this species whereas in 
Cerobates tristriatus it is large and oval. 

Material. —Eight larvae ex Butea frondosa. lianipur, Siwaliks, 
U. P., 18th February 1924. K. R. D. 199 ; B. 0. R. 109. 

Length. —About 7 mm. in curved position ; width about 1 mm. 

Form. —^Widely curved, cylindrical, thorax larger than remainder of 
body. 

Colour. —White ; head yellow-brown ; ^’ellowish patches on pronotum 
prosternum, and mesonotum. 

Head capsule. —Subcircular posteriorly ; longer than broad. CJeneral 
structure as in Cerobates tristriatus. 

Antennve .—Consisting of basal cushion and a single joint which is 
slender, tapering slightly and about as long as width of antennal ring ; 
width of antennal ring about one third that of labrum. 

Lahrum.— Sub-rectangular, transverse ; anterior margin slightly i)ro- 
minent near middle ; the seta at apex of each epipharyngeal rod rather 
large. Two pairs of setae on disc. 

Mandibles. —Stout, short, triangular ; about as long as wide. With a 
blunt apical tooth, a second still blunter tooth just behind the apex and a 
slight prominence on cutting edge near middle, with two approximate 
setae on outer face. 

Maxilla. —General structure as in Cerobates tristriatus. Setae on 
mala about fifteen, the anterior ones flat and blade shaped, the ])OKterior 
four or five setae longer and aciculatc. 

Ijobium. —Posterior chitinisation of labial stipes distinct and rather 
strongly chitinised with no median caudad arm. Terminal joint of 
palp nearly twice as long as that of maxillary palp. 

Thorax. —Tergal plate of prothorax more rigid and more distinct 
than in Cerobates tristriatus. otherwise similar ; prosternum yellowish, 
chitinised. Thoracic spiracle small, sub-circular, length to width as 
1*14 to 1*00. Leg structures short, with two apparent joints ; terminal 
joint bluntly conical and bearing too apical setae, one longer than the 
other, and two or three minute setae near base. 

Abdomen. —Spiracles sub-circular, smaller than thoracic spiracle. 
Ninth segment with four or five pairs of setae of wliich two or three pairs 
are usually fairly long while the remainder are short and less evident. 
Anal cleft transverse sinuate. Anal lobes somewhat protruberant. 
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(c) Cyphaqogus cobpobaali klsinb. 

Pupa. 

Described from one pupa taken from Buiea frondosa at Saharanpur, 
U. P.; R. R. D. 354 ; B. C. R. 188. Adults bred. 

Length, —4 nun. width 1 ram. 

Colour. —Yellow testaceous with mandibles, parts of antennas and 
l^s darker brown. 

llead.- Bent back under thorax; antennae stout curved backwards 
and upwards a])ical joint with a few setae of W'hich two are larger than 
the others. Head with 2 short setae on vertex between eyes. 

Prothorax.‘ (Completely hiding head from above ; anteriorly on dorsal 
surface with four distinct setae arranged in a trapezium. Legs not 
pressed to body ; hind legs elongate, bent so that claws reached about 
apex of abdomen. Elytra arising laterally, reaching to about middle of 
hind femora. 

AMonien. Curved uj)war(ls foim Ist segment and forming a marked 
angle with thorax. Abdomen with no strong tubercles or setae ; segments 
dorsally with few minute seta*; penultimate s^ment with two pairs of 
fairly stout setae ; apex with minute hairs. 
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DESCRIPTION OF PLATE IV. 

Larva oj Cerobates Iristriatm Land. 

Fia. 1 —Thoraoio skin. Ma T, mosothorax ; Mt T, motathorax*; P. pleurum ; Pr T» 
prothorax; 8p. npiracle. 

„ 2.—Antenna. 

M 3.—Maxillffi and labium» ventral surface ea» cardo ; li ligula ; Ip, labial palpus ; 
MT, mentum ; am. submentum ; tna, mala ; rnp, maxillary palpus ; at, stipes 
of maxilla ; atl, stiiies labii. 

„ 4.—-Right mala and maxillary palp, dorsal view. 

„ 6.—Head ventral view (ventral mouth parts removed), hybr, hypopharyngeal 
bracon ; md mandibb*; oa occipital apodeine; of occipital foramen; tb 
tentorial bridge. 

„ G.—Leg structure. 

„ 7.—Head, dorsal view, a, antenna ; epa epicranial suture ; / Irons i Ibr, labrum; 
epia, epistoma. 

„ 8.—Mature larva, lateral view 










INDIAN FOREST RECORDS. 


VoL XI. 


1924 


Part V. 


THE CONSTITUENTS OF SOME INDIAN ESSENTIAL 

OILS. 

PART XVI. 

Note on the rate of Oxidation of cf«*A'^..Carene and other 
Terpenes in the Presence of Catalysts. 


MADYAR COPAL RAO. 

It ha? loii^ boon known that Indian Tiir])ontino, obtained from the 
oleo-resin of Pinuh hngifoUa is inferior in quality to theAmoiicau and 
French Turpentines, o\Mng to the ease with vhich it undergoes oxida¬ 
tion, on exposure to the air, with the resultant formation of a resin. 
As the result of an investigation carried out in this laboratory (Simonsen, 
Journ. Chem. Soc. Trans. 1920, 107, 570) it was shown that the ra])id 
deterioration in quality was due to the presence in the oil of a bicyclie 
terpene to which the name d-A ^-carene was given. 

In view of the great importance of developing the Indian Turpentine 
Industry it appeared desirable to attempt to improve the quality of the 
turpentine, and since for economic reasons, it was not possible to eliminate 
the d-A‘^-carene by fractional distillation it was suggested to the 
author by Dr. Simonsen that it might prove possible to inhibit the oxi¬ 
dation, or at any rate to greatly retard it, by the addition of some suit¬ 
able catalyst. Whilst these experiments were in progress, a series 
of very important papers by Moureu and his collaborators (for references 
mde page 2) on the stabilisation of acinldehyde and the prevention of 
the oxidation of terpenes and analogous bodies appeared, but in view 
of the technical importance of the subject, the author considered it 
desirable to complete his experiments. 
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Althougt the inhibiting effect of small quantities of impurities on 
the rate of oxidation of various substances had long been known, the 
first Hystemaiic investigation of the problem would appear to have been 
made by Bigelow (Zeit. Phys. (^hem. 1893, 26, 493) who showed that the 
oxidation of solutions of sodiuni sulphite w^as retarded by the addition 
of certain alcohols such as benzyl alcohol, allyl alcohol and mannitol* 
He established the fact that secondary alcohols are more eflScacious 
than prirnarv and tertiary alcohols whilst aldehydes and ketones 
cxert(‘d no similar action. Subsequently Tittoff (Zeit. Phys. Chem. 
1903, 4*5, 511) showed that whereas mannitol inhibited the oxidation of 
sodium std])hite solutions, copper sulphate acted as a positive catalyst 
and acctderated the reaction. The effect of organic anti-catalysts on 
the rate of oxidation of sodium sulydiite solutions, was the subject of an 
ext(*nded investigation by Lumi^rc and Seyewetz (Bull. 8oc. Chem. 
1995, III, 33, 411). They showed that hydroquinone, j)-amino phenol 
hy<lnM‘hloride, glycine, p-]>henylene diamine, catechol, resorcinol and 
diaminopherjol, all acb*d as anti-catalyst.s, or as they called them, 

* antioxyg^nes,” whereas acetone, formaldehyde and alkalies acted as 
acc<'l(*rators. 

The invesligation of th(‘ use of anti-catalysts W'ould appear to have 
b4*en in abevam’e until in 1919 Moureu and Dufraisse (('omj)t. Rend. 
1919, 160, 021) .showed the effect of the addition of small quantities of 
catalysts on the stabili.siiig of acraldehyde. As the result of a i)rolonged 
inv^estigation Moureu and his collaborators ♦ have shown that the most 
valuable anti-cataly.sts for the stabilising of aldehydes or for the pre¬ 
vention of the oxidation of readily oxidisabl’e bodies, are hydroquinone, 
pyrogallol, catechol, resorcinol, 1:3:4 trihydroxy benzene and a-naph- 
tho! while iodine and both inorganic and organic iodine derivatives 
have proved of value. 

Th^ technical importance of tliis work was recognised by Moureu 
and ha.s formed the subject of a patent (U. S. 1921, 1436047) whilst 
Ibdbronner and Bernstein (Oompt. Rend. 1923, 177, 204) have suggested 
the incorporation of hydroquinone or tannin to the extent of one to two 
per ctuit >vith nibber latex to preserve it from oxidation. Further 
Odlet {(\>nipt. Rend. 1923, 176, 1402) and Sisley (Bull. Soc. Chem. 


• The more imxiortant referenccH to this work ore contained in the following papers-- 

Comp. Rend 1919, 169, TO.'i, 885, 1968; 1920, J70, 26; lt22. J7i, 268. 176 127* 
176, 797 ; Bull. Soc'. Chem. 1922, IV, 37, 1162 , Anl. fMs. Quim. 1C23, 20 
7S3 An admirable summarx of previous work is given in the paper Bull 
»»o. Chem. 1922, IV, 37, 1152 ; compare also Seyewetz and Sisley, ibt4, 67 f, 
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1923, IV, 33, 1079) have attempted to correlate the presence of 
hydroxy groups in the dye molecule with the fastness of dyestufb to 
light and oxidation. 

Many attempts have been made to afford a theoretical explanation 
of the observed results of anti-catalysts (Moureu and Dufraisse, Bull. 
Soc. Chem. 1922, IV, 37, 1162) (Taylor, Journ. Phys. Chem. 1923, 27, 
322, Journ. Ind. Eng. Chem. 1923, 75, 902). The consideration of these 
theories lies outside the scope of this investigation, but it is hoped that 
experiments now being made in Bangalore by Mr. F. L. Usher may help 
to elucidate this difficult problem. 

The author’s attention has been directed mainly to a determination 
of the rate of oxidation of d-a-pinene and d-A *-carene and of ordinary 
pure Indian Turpentine, in air and oxygen in the presence and absence 
of various catalysts, a few experiments having also been made with 
d-A'*-carene (from A. Jwaranoma) and d-a-thujene (from Boswellia 
serrcUa). A full description of the experimental conditions employed 
will be found on page 6. 

It has been found that for the preservation of terpenes pyrogallol 
is by far the most effective catalyst, liydroquinone inhibited the oxida¬ 
tion for only a short time, whilst alcohols such as mannitol, or ethyl 
tartarate proved quite ineffective, a similar result being obtained with 
diphenylamine. 

When d-a-pinene was allowed to undergo oxidation in oxygen, it wa» 
found that complete absorption of the oxygen took place in seventeen 
days whilst in the presence of 0-001 per cent o*" pyrogallol, no oxidation 
took place until after sixty-two days had elapsed. The oxidation 
then proceeded rapidly and was complete in another sixteen days. 
With air a similar result was observed ; approximately sixty per cent 
of the oxygen being absorbed in thirty-nine days, whilst in the presence 
of pyrogallol only twelve per cent oxygen was absorbed in forty-eight 
days (see Tables I and II and Figs. I and II). 

The results obtained with d-A ®-carene were of considerable inter¬ 
est. In the presence of air, during the first twenty-four hours, no less 
than 19*8 per cent of the available oxygen was absorbed, whilst in eight 
days complete absorption took place. The addition of 0-001 per cent 
of resorcin retarded the reaction somewhat, from fifteen to sixteen days 
were required for complete absorption to take place, whilst the addition 
of a similar amount of pyrogallol had a marked effect,- as after thirty- 
one days only 24 per cent of the oxygen had been used up (see Table 
III and Fig. III). With oxygen, the results obtained were somewhat 
similar, although, as was to be exi>ected, the rate of oxidation was 
more rapid and even in the presence of pjnrogallol, the oxygen had been 
practically completely absorbed after forty-three days (see Fig. IV). 

i 199 I 



4 


Indian Forea Reeardi, 


[Vot- XI, 


One feetim observed during the experiments was that oncse the om- 
dation in the presence of the catalyst had started, it proceeded mth 
great rapidity and the curve had the same form as i^iat of an oxidation 
proceeding in the absence of a catalyst. A somewhat similar pheno¬ 
menon was observed by Moureu and Dufraisse (Compt. Bend. 1923, 
176, 797) during their study of the effect of iodine as an anti-catalyst, 
flince no trace of pyrogallol could be detected in the terpene after the 
completion of the reaction, it would appear that the phenol undergoes 
slow oxidation and that it is only after its complete removal that the 
oxidation of the terpene commences. 

The oxidation of a mixture of d-a-pinene (75 per cent) and d-A**- 
carene (25 per <(‘nt) with oxygen was next investigated. The speed of 
the oxidation of d-a-pincne was considerably increased (see Table V 
and Fig. \), but the addition of p}Togallol had a marked effect, 
since after 39 days, only 5 per cent of oxygen had been removed. It 
was exjieeted that oidinary Indian Turpentine (Jallo No. 1) would 
ox id He at apparently the same rate as this mixture but experiments 
allow (hi this not to be the case, the rate of oxidation being much more 
ra])id In the absence of a catalj’^st 97*5 per cent of the oxygen was 
removed in 4 days. Pyrogallol acted as a powerful inhibitive oxidation 
not commencing until tlie sixty-second day and it was not complete 
until th(‘ seventy-sixth day (see Table VII and Fig. VII). As was to be 
oxpecU‘d the rat(‘ of oxidation was slower in air. In the absence of a 
catalyst it was complete in eight days whilst in the presence of pyrogallol, 
no oxidation was observed until after the lapse of sixty-one days. 

A few experiments w^ere also made with d-A’^-carene, d-oc-thujene 
and with a mixture of d-a-pinene and d-a-thujene the results of which 
are giviui m Tables VIII, IX and X. The speed with which these two 
terjieues are oxidised is very much less than that observed with d- 
a-pmeno or d-A ^-carene. It is somewhat suggestive that in both these 
terpcnes tlie double linkage is conjugated with the cyclopropane ring. 

The importance of the use of small amounts of anti-catalysts for 
various technical purposes has already been recognised by the French 
investigators of whom previous mention has been made and also by 
Taylor (loc cit) and it would appear to the author possible that the 
addition of a small percentage of pyrogallol would very much improve 
the kteprng qualities of Indian Turpentine. It has been observed that 
the addition of pyrogallol causes the development of a slight yellow 
colour in the oil but it is doubtful if this would be sufficiently marked to 
lower itH commercial value. It b hoped that the publication of thb 
short not(» may result in further experiments being carried out on a semi- 
laxgs scale at Bareilly and Jsllo. 
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The author wishes to express his thanks to Dr. Simonseu for suggest* 
iug this problem and also for much advice during its progress. 

Expbbihental. 

For the determination of the rate of oxidation, the pure terpene 
which had been prepared by distillation over sodium, and which was 
kept prior to use in an atmosphere of carbon dioxide, was introduced 
over mercury into a glass eudiometer tube, the average dimensions of 
the tube being length 44 centimeters, diameter 1*8 centimeter. Prior 
to use, the tubes were thoroughly washed with nitric acid, then with 
chromic acid, and then with distilled water and finally steamed for half 
an hour. After the mtroduction of the terpene, the gas, either air or 
oxygen was allowed to enter the tube and the volume of the gas recorded, 
simultaneous readings of the volume of turpentine and pressure also 
being made. The decrease m volume after levelling the mercury inside 
and outside the tube gave the absorjition which had taken place. All 
the experiments were made in a room in which only difiused light entered 
and in which the temperature variations had been reduced to a minimum. 

The d-a-iimene was a very pure specimen tree from p-pmene and had 
been separated from the turpentine from oleo-resm of P. etceha ; dr 
A’*-carene was carefully fractionated from the turpentine from the oleo- 
resin of P, hngifoha and boiled with a range of 1 ° ; the d-A ^-carene 
was a sample which had been prepared from the oil from Andropogon 
Jtuarancusa: the d-a-thujene was obtained from the oil from Boswellia 
serrata and probably contained a trace of a-pinene. 

The results, which are in each case, a mean of two concordant sets 
of experiments are given in the following tables and curves. All the gas 
volumes were reduced to N, T. P. 
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Table I. 

d-a-Pinene in air. 


Day. 

A. No Catalyat. 

B. With Pyrogallol. 


FtTCcntase of oxysen 

Poroentage of osygen 


absorbed. 

absorbed. 

1 

1-3 

0-6 

4 

2-6 

*» 

7 

6-7 


9 

7-2 


11 

no 


13 

140 


Ifi 

18-5 


17 

23*4 

4*2 

19 

28*1 


21 

330 


23 

370 


26 

430 


29 

49-3 

6d 

32 

52-4 


39 

61-2 

9-2 

48 


11 9 


Table II. 


d-x-Pinene in Oxygen. 


Day. 

A. No Catalyst* 

B. With PyrogalloL 


Percentage of oxygen 

Percentage of oxygen 


absorbed. 

absorbed. 

1 

24 

1-5 

2 

9-6 


4 

24-7 


6 

31 0 


8 

39'8 


0 

470 


11 

64-5 


12 

72-3 


13 

79-5 


14 

84-9 


17 

11K)'0 


62 


50 

63 


10-2 

64 


15-6 

65 


20-5 

66 


280 

68 


42*5 

70 


60-0 

72 


72*6 

74 


84*0 

76 


94*0 
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Table III. 


d-A'^-Carene in atr (see also Figure I). 


Bay. 

A. No Catalyst. 

B. With Resorcin. 

C. With Pyrogallol 


Percentage of 
oxygen absorbed. 

Percentage of 
oxygen absorbed. 

Percentage of 
oxygen absorbed 

1 

19-8 

10-4 

1-4 

2 

360 

20-7 

4-4 

3 

47-8 

26-8 

II 

4 

63-3 

33-3 

II 

5 

76*9 

43*5 

II 

8 

1000 

62*2 


9 


68-8 


11 


780 


18 


100-0 

12-4 

31 



23-7 


Table IV. 

d-A'^-Carene in Oxygen (see also Figure II). 


Bay. 

A. No Catalyst. 

B. With Resorcin. 

(\ With Pyrogallol. 


Percentage of | 

Pen-entage of 

Percentage of 


xixygen absorbed. 

oxygen absorbed. 

oxygen absorbed. 

1 

4-8 

2-4 

1-6 

2 

20-1 

6*7 


3 

38-1 


4 

61-0 



5 

60-4 

19-0 


0 

76-3 

33-0 


7 

84-3 

49-6 

2-2 

8 

89-3 

65-6 


9 

92-0 

77-9 


10 

100-0 

88-4 


12 


100-0 


35 



4-6 

36 



8-8 

37 



22-2 

38 



36-0 

39 



60-2 

40 



68-6 

41 



76-7 

42 



83-6 

48 



92-1 
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Table V. 


Mixture of d-a-Ptnenc (?''5%) and d-^'^-Carene {25 ^/q) in Oxygen. 


I>ay. 

A. No Catalyst. i 

B With Pyrogallol. 


IVrocntage of oxygen 

Percentage of oxygen 


absorbed. 

absorbed. 

1 

13 

11 

4 

4-3 


7 

10*6 



157 

$9 

11 ! 

21-7 


v\ 

27-8 


in 

350 

1-8 

17 

41 0 


HI 

470 


i»l 

52-4 



57 0 



05-4 


2‘J 

70-2 


:i2 

75-8 

1-9 

ail 


5*3 


Table VI. 

Indian Turpentine No. I in air. 


Hrty. 

A. No (’atalyst. 

H. With Hydro, 
(imnoiic. 

C. With Pyro- 
gallol. 


I’cTcentngc of 

PcrreiilHge of 

IVrceiitago of 


oxygen ab'^orbed. 

t»xvgf*n abHorbed. 

absorbt^d. 

1 

10-7 

2-9 


.> 

2r»*4 



a 

49*7 



4 

04-7 




8,7-5 



8 

9;-,7 



24 


4-4 


20 


18-2 


28 


330 


30 


47-3 


ai 


53-1 


32 


59-0 


34 


700 


30 


95-^‘ 


00 



70 

02 



180 

03 



27-4 




37-8 

(V5 



48*0 

00 



57-9 

67 



68-3 

70 



92*0 
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Table VII. 


Indian Turpentine No. I m Oxygen. 


Day. 

A. No Catalyst. 

B. With Hydro- 
quinone. 

V, With Pyro. 
galloh 


Percentage of 

Percentage of 

Percentage of 


oxygen absorbed. 

oxygon absorbed. 

oxygen ab-»orbod. 

1 

16-8 

0-7 

0-5 

2 

53-8 



3 

82-0 



4 

970 



5 

100-0 

2-3 


13 


3-0 i 


18 


no 


20 


200 


21 


01.0 


22 


87-0 


24 


100*0 


30 



23 

48 



41 

02 



10*0 

04 



100 

00 



20*0 

07 



330 

70 



50*0 

72 



(WO 

74 



800 

70 



920 


Table VIII. 


d-A.'*-Carene in Oxygen. 


Day. 

No Catalyst, 

1 

Percentage of oxygen absorbed. 

G>4 

3 

0*3 

4 

20*8 

7 

49*0 

8 

57*1 

9 

, or>*5 

10 

70*8 

12 

840 

14 

96*4 
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Tabl2 IX. 

d-ct‘Thujene in Oxygen. 


D.y. 

A. No Catalyst. 

B. With PyrogsUol. 


Percentage of oxygen 
absorbed. 

Percentage of oxygen 
ab^rbed. 

1 

0-9 

11 

2H 

2-8 


37 

99 

»» 

41 

24-3 

t* 

4n 

28-0 

tt 

5M 

4341 

»♦ 

77 

040 

»» 

100 

85*r> 

No absorption after 

C months. 


Table X. 

d-OL-Pmene ond d-ct-l'kajene ('W%) in Oxygen. 


Hay. 


1 

Percentage of o\jgpn absoilied. 

0 n 

Ti 

5*5 

7 

6-6 

11 

9*8 

10 

161 

21 

22-8 

28 

30-2 

37 

39-2 

41 

52-2 

45 

59-0 

58 

80-5 

77 

920 


The author wishes to thank Mr. P. H. Guest, Manager, Turpentiiie 
Factory, Jallo, for supplying the No. 1 Turpentine used in these 
experiments, 

Forsst Reseakch Institute and (College, 

Dehra Dun. 21 d Jviy , 1924 . 
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THE CONSTITUENTS OF SOME INDIAN ESSENTIAL 

OHJS. 


PART xm 


Abietic Acid from the Rotin of Pinu$ hngiMia, Roxb 

(Preliminary Note.) 


BY 

MADYAR COPAL RAU AND JOHN LIONEL SIMONSEN. 


As a preliminary step to other experiments which are in progress on 
the rosin from the oleo-resin of Pirns longifolia Roxb., it has appeared 
desirable, in the first instance, to establish the identity of the principal 
acid constituent of this resin. 

In spite of the very large number of investigations which have been 
carried out on the crystalline acids present in the rosins derived from the 
oleo-resins of the various species of Pinus, it is only in recent years that 
some degree of order has been evolved in this difficult field of research.* 
So far as our present knowledge extends the rosin acids would appear 
to belong to two distinct groups (a) the abietic acid group, the members 
of which, when dehydrogenated with sulphur, yield retene and (6) a 


* The mor. important recent work on the constitution of abiotic acid ia contained in 
the following papers:— 

Aschan, Ber. 1021, S4, 807, 1922, dd, 2944, Annalen, 1921, 424, 117, Aschan and 
Ekholum, Annalen, 1921, 424, 160; Virtanen, Annalen,' 1921, 424, 150; 
Ruzicka and Meyer, Helv. Chim. Acta, 1922, d, 315, 681, Rnzicka and Balas. 
ibid. 1923, 5, 677, Ruzicka and Schinz. ibid, 1923, d, 662, 833, Dupont and 
Uzac, Bull Boc. Chim. 1924, (IV), dd, 394. 
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second group, of which pimaric acid is the chief representative, which 
on dehydrogenation yields a hydrocarbon Ci^Hi 4 probably a dimethyl 
phenanthrene. 

One of the main difficulties in the study of ihe rosin acids lies in the 
fact that the melting points and the rotatory powers of the acids have 
been found to be considerably influenced by the method adopted in 
their purification, a point to which attention has already been directed 
by Ruzicka and his collaborators. The preparation of characteristic 
derivatives also affords very considerable difficulty since like the 
rosin acids themselves they tend to undergo change during purifica* 
tion. 

As the result of our experiments we have definitely established the 
nature of the chief acid present in the rosin derived from P. longifolia 
and have shown it to be abietic acid identical in all respects with the 
acid present in the rosin from P. palustris. Both acids when purified by 
Steele’s method (Joum., Am. Chem. Soc., 1922, 44, 1333) were found to 
melt at 168-169® and to be crystallographically identical (see pages 
4 and 5). They only differed slightly in their rotatory power. 

We have also been able to confirm the identity of the two acids by 
the preparation of a number of derivatives some of which would appear 
to be new. The new derivatives, the preparation and purification of 
which are described in detail in the exi)erimental part of this paper, 
comprise a dihydrochloride melting at 205®, a monohydrochloride melting 
at 197®, a monohydroxy acid melting at 230® and a dimolecular 
hydrochloride decomposing at about 310®. The purification of the halogen 
derivatives afforded at first very considerable difficulty until it was 
observed that these substances underwent decomposition when recrystal¬ 
lised from solvents which contained either water or alcohol. If due 
precautions are taken to eliminate traces of water and alcohol from the 
solvents used in their purification both the dihydrochloride and mono- 
hydroehloride were obtained as beautifully crystalline substances and 
are eminently suitable for the characterisation of abietic acid. 

The dimolecular liydrochloride referred to above has the formula 
^ 40 ^ 59 ^ 3^1 would appear to contain two molecules of abietic acid. 
• Owing to the extremely small quantity which has so far been obtained 
it has not been possible to examine it in detail. 

Although the dihydrochloride showed a great tendency to lose two 
molecules of hydrogen chloride with regeneration of abietic acid, it was 
found to undergo a somewhat unusual reaction when boiled with a solu¬ 
tion of sodium bicarbonate being converted into an unsaturated mono- 
hydroxy acid. Monohydroxy abUiic acid, like abietic acid, is a very 
weak acid being precipitated from an alkaline solution by carbon dioxide^ 

[ 208 j 



If AMT Vl.] d. Bau k SiHOKdSH : OtmHiinmU of Indian S$$mtial Oik. 8 

it waa^ liowever, soluble in sodium carbonate solution. It formed a crystal* 
line meihyl ester which melted at 110^. This interesting acid is being 
farther investigated and it is hoped that it may prove of value in elucid¬ 
ating the constitution of abietic acid since preliminary experiments have 
shown that it yields crystalline products on oxidation with potassium 
permanganate. In the meantime a discussion of the constitution of 
abietic acid and also of the results of Khecht and his collaborators (Journ. 
S<%. Dyers and Cols. 1919,35,148,1923, 39, 338) is postponed. 

For convenience of reference the various crystalline derivatives of 
abietic acid prepared by previous investigators and the authors is given 
in the following table 


Derivative. 

Kuzioka aud 
Moyer. 

Asohan aud 
VirtanoQ. 

K. aud S. 

Acid. 

M.l>. 138" 

[a] B—(in 
alcohol) also 
laomoiic acids. 

M.P. 182“ 

al(x>hol). 

M.P. 108-169°. 
L«Jb~ 96° (in 
alcohol) 
no isomerides 

Dibromuacid .... 

.. 

M.l*. 107-110" . 

M.L' 108° 

Dihydrobrumide 

M.P about 178' 

M.P. 188-11)2' . 

M.P. 189°. 

Mouohydroiodido . 


M.i>. 1»1-1»3° . 

M.P. lor. 

Dihydrochlorido 


.. 

M.P. 205°. 

Motiohydrucblorido . . 



M.1*. 187". 

Hydrocliloiido (diinoluculai) 


•• 

S1.P 310" de. 

CODip. 

Nitrosochlorido 


M. P. 144-145° 

M.1*. 144". 

Nitrosito .... 

{ 

softouH 75° 

molts 120-ia0° 

1 M.1*. 00-94". 

Nitrosato .... 


M.P. 72-73° . 

.. 

Monohydrozy acid . 



M 1*. 230" 
(WDiO"). 

Methyl ester of monohydrozy 
acid. 


•• 

M.P. 110". 


The authors wish to express their thanks to Mr. P. H. Guest of the 
Jallo Turpentine Factory for supplying them with large quantities of 
high grade colophony and to Professor L. E. Wise of Syracuse University 
and Dr. Schorger for a sample of the colophony from P. paluAirii which 
enabled them to establish the identity of the abietic acid. 
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Expsbimsktal. 

Isolation and Purification of Abietic Add, 

In order to determine whether the abietic acid from Indian colophony 
wai a homogeneous substance it was extracted from the crude rosin by 
various processes but since the acid obtained showed in each case the 
same rotatory power and melting point it is unnecessary to give the 
details. For the preparation of the crystalline acid in quantity Steele’s 
method (Am. Chem. Soc., 1922, 44, 1333) was found to be the most 
convenient. 

The crude crystalline acid, which was somewhat yellow in colour, 
was purified by repeated crystallisation from the minimum quantity of 
methyl alcohol until the rotatory was constant, the acid being allowed to 
crystallise in an atmosphere of carbon dioxide. For analysis it was 
further purified through the sodium salt when it was found to melt at 
168-169° and in five per cent, ethyl alcohol solution [a]D =95*3° was 
observed. 

0*1192 gave 0*3452 002 and 0*1054 HjO 0=79*0 II=9*8. 

C 2 oU;m )02 requires C=.79*4 H - 10*0 per cent. 

A molecular weight determination in acetic acid gave a mean value 
of 304, the calculated value for an acid of the formula O 20 H 30 O 2 being 
302. 

As was observed by Virtanen (loc. cit.) in the case of pinabictic arid 
the rotatory power was found to show marked variation in difierent 
solvents. 


fciolvoiit. ytiength of 

solution. 


aU«)hol 

. 




5*0 iHjr cent. 


Moth^l ulcoiuil • 

. 




5*0 


Acetic ot ul . 

. 




4-2 

-~00*4^ 

Acetone . « 

. 




5*0 

—82-5® 

Eth^l HCCtHic 

. 




40 

—80*7^ 

Chlon»forui . 

. 




5-3 

—58*4° 

Bciircne 

, 




6*2 „ 

—7*5* 


Specimens of the abietic acids from the rosins of P. longifolta and 
P. palustris were kindly crystallographically examined by Mr. G. M. 
Bennett in Professor C. S. Gibson’s laboratory, Guy’s Hospital Chemical 
Laboratory, London. The following report was furnished: — 

** Acid from P. palustris, —The substance crystallises well from warm 
glacial acetic acid, the aolution depositing smaU plates of a rectangular 
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sliape with a triangular termination at one end only the angle at the 
apex being 90^. These plates show a straight extinction. In convergent 
polarised light there is visible part of a system of rings belonging to an 
optic axis emerging just outside the field of view, the dark brushes 
crossing the field when it is rotated. 

Ac^ from P. longifolia. —The substance crystallised in the same way 
from acetic acid and the plates deposited showed the above effects in 
every respect. 

It is clear that these substances are cT 3 rstalIographically identical. 
The substance gives biaxial crystals belonging to either the orthorhombic 
or the monclinic systems.” 

There can, therefore, be no doubt that these two acids are chemically 
identical and this was confirmed by the preparation of their derivatives. 
The acid from P. palustris was observed to have a somewhat lower 
rotation than the acid from P. longifoUa, the observed value in five 
per cent ethyl alcoholic solution being [a]i) —87‘8°. 

Nitrosochloride of abietic acid,- This substance was loadily prepared 
by the method described by Aschan (Ber. 1922, 55, 2944). After cry¬ 
stallisation from a mixture of chloroform and light petroleum it melted 
at 144^ 

0*2861 gave 01103 AgCl 01 - 9*5. 

C 20 H 30 O 3 NOl requires Cl 9*6 per cent. 

Nitrosite of abietic acid,- The nitrositc (compare Aschan, loc. cit.) 
was precipitated from a benzene solution on addition of light petroleum 
as a microcrystalline powder which melted at about 90-94°. The sub¬ 
stance was apparent!}" not quite pure, but it resisted all attempts at 
further purification tending to separate from so’' ents as a viscid resin. 

0*2135 gave 16*1 cc. of Ng at 28° and 702 mm. N—7*G. 

C 20 H 30 O 5 N 2 requires N -7*4 per cent. 

Dibrcmoabieiicacid,— The broino acid prepared by Virtanen’s method 
(Annalen, 1921, 424, 195) crystallised from hexane in small yellowish 
needles which decomposed at 108°. 

0*1335 gave 0*1078 AgBr Br-34*4. 

C 2 oH 3 o 02 Br 2 requires Br=34*6 per cent. 

The action of Hydrogen Chloride on Abietic Acid, 

The interaction of hydrogen chloride and abietic acid was found to 
proceed most satisfactorily xmder the follow’ing conditions. The acid 
was dissolved in seven and a half times its weight of acetic acid and 
after cooling in ice the mixture was baturated with hydrogen chloride. 
The reaction vessel was sealed and allowed to stand at the ordinary 
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temperature. After two or three days the separation of the dihydro¬ 
chloride commenced and was practically complete in about a wee(^ 
After the lapse of a fortnight the reaction mixture was cooled with ice, 
the crystalline solid collected at the pump, washed with acetic acid and 
dried on porous porcelain in a vacuum desiccator. The yield was found 
to vary considerably with the prevailing laboratory temperature, at 26° 
it was 55 per cent, and at 18° 33 per cent. 

The crude hydrochloride, which was a mixture of at least two sub¬ 
stances, was purified by repeated trituration with cold benzene when the 
dihydrochloride, which was very sparingly soluble in this solvent remained 
undissolved, the fraction (A) soluble in benzene was reserved for later 
examination (sec below). The dihydrochloride, which decomposed at 
191-193°, was purified by crystallisation from either benzene or ethyl 
acetate when it was obtained in fine glistening needles which melted at 
205°.* 

0-112 gave 0*2633 002 and 0-0848 HjjO C==64*l H-8-3. 

0*1954 gave 0*146 AgCl Cl =18*5. 

C 20 H 32 O 2 OI 2 requires C - 64*0 H=8*5 01=18*9 per cent. 

A molecular weiglit determination by Bast’s method gave a value 
of 370 agreeing well with the calculated value of 375. 

The fraction (A) (see above) which was soluble in cold benzene, 
remained on removal of the solvent as a pasty mass. It was repeatedly 
recrystallisod from ethyl acetate in which solvent it was found to be 
much less soluble than tlie dihydrocliloride and it was ultimately obtained 
in fan shaped aggregates of needles which decomposed at about 310° 
The monohffdrochloridc, which apparently contained two molecules of 
abiotic acid, was very readily soluble in benzene, and toluene, somewhat 
sparingly so in hot acetic acid and ethyl acetate. Owing to the small 
quantity of material available it has not as yet been examined in detail. 

0*1063 ga\e 0*2986 00., and 0*0934 iloO 0=76*6 H=9*7. 

0*24 gave 0 0612 AgCl 01 5*6. 

C 40 H 59 0;j0l requires 0 ~ 77*1 11=9*5 01=5*7 percent. 

A molecular weight determination by Bast’s method gave values of 
6fl5 and 617 whilst a substance of the formula 04 oH 5 g 03 Cl requires 
M=622*5, 

Monohydrochloride of abietic acid.--For the preparation of the mono- 
hydrochloride of abietic acid the following method was found to yield the 
best results. The finely divided dihydrochloride (3 grammes) was mixed 
with methyl alcohol (60 cc.) and heated on the water bath in a reflux 

(* In rourytiallliiiig the dihjdroohloride it wm found eieential to uie perfeotlj 
pure dry aolvente tinco the acid waa found to be rapidly decomposed when warmed 
With ethyl or methyl aloohol, acetone or aoetk acid.) 
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^ppAxatas until a clear solution was obtained approximately thirty 
minutes being required. The reaction mixture was cooled in ice when 
a portion of the monohydrochloride crystallised. This was collected 
(yield 0*5 gramme) and the filtrate allowed to evaporate in vacuo when 
a further quantity of the hydrochloride was obtained mixed with a little 
halogen free acid, the amount of the latter substance being increased if 
the initial heating is too prolonged. 

The monohydrochhride of abietic acid was purified by crystallisation 
from the minimum quantity of ethyl acetate from which solvent it 
separated in massive cubes which melted at 107°. It was found to be 
readily soluble in chloroform, carbon tetrachloride, hot benzene and 
ethyl acetate^ more sparingly so in the cold. In boiling methyl and ethyl 
alcohols and acetic acid it dissolved with simultaneous partial decom* 
position into halogen free acids. 

0*106 gave 0-2751 COg and 0*0884 11^0 C-70-7 H-9-3. 

0*2078 gave 0*0864 AgCl 01 -10*3. 

C 20 H 31 O 2 CI requires 0=70*9 H=9*2 01=10*4 per cent. 

The monohydroohloride was also formed when the dihydrochloride 
was treated with an alculiolic solution of potassium acetate, sodium 
ethylate, pyridine or potassium hydroxide in alcoliolic solution, the 
product was, however, less pure than when methyl alcohol was used. 
On treatment wuth hydrogen chloride it W'as reconverted into the dihydro- 
chloride. When boiled wilh a dilute solution of sodium carbonate the 
monohydrochloride was converted into abietic acid which was identified 
by the method of mixed melting point and by analysis. (Found 0=79*0 
H= 10 * 0 , calc. C=79*4 11=10*0 per cent.) 

Action of Sodium Bicarbonafe mi the Dihydrochloride of Abietic Acid, 
Monohyd 1 oxy abiet ic A cid. 

For the preparation of tliis interesting acid tlie following method has 
proved to be the most convenient. 

The finely powdered dihydrochloride (10 grammes) was mixed with 
a solution ol sodium bicarbonate (300 cc. NaHCO^ 7*5 grammes) and 
heated in an oil bath at 120 ° in a reflux apparatus a rapid stream of 
carbon dioxide being passed through the solution. After two hours the 
liquid, which still contained a little unattacked dihydrochloride m sus¬ 
pension, was filtered and allowed to cool in a current of carbon dioxide 
when a caseous white precipitate separated. This was collected, 
thoroughly washed with cold water and dried in a vacuum desiccator 
over sulphuric acid.* (Yield 7 grammes.) 

(♦ A small further amount of the hydroxy acid (0*5 gramme) w«8 obtained fr<iip 
♦h© titrate after aoidiSoation and extraction with ether.) 
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The crude acid was triturated with a little cold acetone which removed 
impure abietic acid and then recrystallised from the same solvent from 
the hot solution of which it separated in minute prisms melting at 280*^. 
In acetone solution it was found to be optically inactive. For analysis 
it was dried over phosphorus pentoxide. 

0-102 gave 0-2806 COo and 0-0909 HgO 0=76-0 H=9-9. 

C 20 H 32 O 3 requires 0=74-7 H=9-7 per cent. 

The silver salt prepared in the usual manner was obtained as a white 
amorphous powder which differed from the silver salt of abietic acid in 
being sparingly soluble in benzene. 

0-4448 gave 0-1108 Ag Ag=24-9. 

OgoHaiOgAg requires Ag=25-3 per cent. 

The methyl ester })Tepared from the silver salt by treatment with 
methyl iodide in benzene crystallised from methyl alcohol in radiating 
needles which melted at 110 °. 

0-103 gave 0-2833 CO 2 and 0-0912 HgO 0=76-0 H=9-8. 

C 21 H 34 O 3 requires 0=75-4 H=10-l per cent. 


Forest Rrsearch Institttte, 
Dkhra Dun. 


July im. 
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Vol. XL 1924 Put VII 


Volume Tables for {Teciona grandis) Teak and {Shorea 
robuMtay Sal for the Central Provinces 

BT 

V. K. MAITLAND, 

SilvicuUuriat, Central Provinces. 


1. These tables are based on measurements, taken by the writer in 
tlic^ field st'uson of 1924, of some 2,000 teak and 1,100 eal trees. The 
fct*ak data wore drawn from localities of Qualities I, II, III, and IV, 
in the tlivisions of South Chanda (Allapilli) Melghni, Hosbangabad, 
and Nagpur-Wardha: the aal from Qualities I, II, and III, in the 
divisions of South liaipTar, Ilalaghat, and South Mandla (Banjar). 
Quality IV aal was not taken as it is of rare occurrence in the province. 
A local volume table for the small Pachmarhi municipal aal forest 
would give the best results for Quality IV eal. 

The qualities referred to are those standardised for the province 
via. :— 


Quality 1 

. . Over 90' (Muxitnum of 

niatnie <roen.* 

11 . . 

. 7B--90' 

Dr. 

.. .Ill . . 

51'—70' 

Do. 

IV . , 

, . Uuder 50' 

■ihh 

,2. Field work oonsieted 
Doeasurements:— 

of obtaining for each tree the following 


(a) Girth over bark (in inches) at 

(b) Total height (in feet). 

(c) Girth over bark (in inches) of useful log or pole. 

(d) Length (in feet) of useful log or pole. 
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A rough allocation to locality-qualities of the sites from which the 
trees were taken was made at the time of measuring. This was 
intended primarily to be a check ensuring a reasonably even distribu¬ 
tion of girth classes and lf>cality-qufliiti6s among the trees selected. 

8. Of the measured trees, 800 teak and 310 sal were also measured 
in detail for true Standard* volume. From these data it was hoped 

to establish a curve showing the relation 

different girth classes, and to read off from such a curve the true 
volume values corresponding to the exploitable volume values to be 
given by the main volume table information. It was, however, found 
that there were insufficient trees of the larger girth classes, and the 
establishment of the relaticm indicated must await further field work. 

Meanwhile standard volume figures (for sal at least), can be obtained 
from Howard's “General Volume Tables for SaV* (Ind. For. Becords, 
Vol. X, Part VI, 1924), should they be wanted for comparison, or for 
working out a relation between standard and C. P. exploitable volume 

4. The data for each sp<‘cic8 were arranged in 3'^ girth classes from 
0" girth up to 24'' girth, and in 6'' girth classes from 25" girth upward*^ 
Fjgures wore arranged for each of these girth classes in the following 
height classes: — 

( 1 ) 11 '— 30 ', 

(2) 81'—SeV, 

(3) 51'—70', 

(4) 71'—90', 

(5) 91'—110'. 

Average figures were then calculated foi^— 

(a) Girth at 4J', 

(h) Girth at half useful log or pole, " 

(c) Length of useful log or pole, 

(d) Total height. 

For each average girth at half useful log or p)ole, and each 
corresponding average length of useful log or pole, an average quarter 
g*rth volume (including bark) was obtained. The average girths 
were converted to diameters for convenience in plotting, and the values 
Ayt*rajy plotted. The number of trees represented by each 

point was noted and preliminary curves were drawn by height classes 
through the points. From these curves the volumes correspondixig to 
the exact mid-gi^s ol each gisih class were read off and replotted over 
the average hc^ts already ^culated for each girth class. A separate 

• Tlio afaadssd MUtloa for timber Is sbove 8^ dkmeler (over bark) at the tbin 
end. TitnM % SMSiSXSd adsally imder berk. Smallwood is anything not timber down 
to diame^ («eer bark) aisd it actually meaenTed over bark. 
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curve lor eedi girth class was thus established irom which tho tiDa) 

data for —— by height classes wore read ofiP and plotted 

sixtuit mid giith J ^ 

Uhese final curves are reproduced. (Curves 1 to 4.) 

5. The use of these volume curves by separate and definite height 
ciub^s gives the most aoourate set of volume figures, but in practice 
demands the noting of tho total height of each tree at the time of 
enumeration. The labour involved, however, is not so grout as might 
appear—^with practice height estimation can be carried out with 
remarkable speed and accuracy. 

6. For the convenience of those who prefer to cJlot areas to qualities 
and to apply a table for a given locality‘quality varying only by girth, 
the writer, in tho field, allotted areas to qualities, and has worked out 
volume tables for each locality-quality eliminating the height varia¬ 
tion. 

The quality curves drawn were arrived at first by plotting actual 
average heights over actual average diameters for each locality-quality. 
Curves were drawn from which the final quality-volume curve data 
wore taken. The dnla wore read off by taking the average heights 
corresponding to exact mid-girths of classes from the curve, and then 
obtaining for the former the corresponding volumes from the height 
class volume curves already established. 

The quality curves so obtained hence depend on individual judg¬ 
ment in allotting localities to qualities in the field and then selecting 
individual trees of true average height for their girth in those qualities, 
inoludinq dominant, dominated, and suppressed trees in their existing 
proportions. 

7. The use of the tables by an officer in the field making an enume¬ 
ration can thus be detailed os follows. 

To obtfin the most (tceurab* results, trees should bo measured at 
4i' and individual heights taken. The average girth and average height 
of each class should be calculated and the appropriate volume for 
t»ach girth-class read off from the volume curves arranged by height 
classes. 

• 

Should a local volume table be wanted it can readily he made by 
finding tho average heights for each girth and interpolating this on the 
volume curves arranged by height classes. A smooth etrrve through 
the interpolated points will give the required local table of volumes 
corresponding to girths, Beference is invited to Howard's General 
Volume Tables for 8(tl (Ind. For. Becords, Vol. X, Part VI, 1924) in 
which this method has been adequately detailed already. 

8. The main difficulty in the preparation of a general volume table 
for the province lay in the fact that In different divisions there were 
different ideas as to what constituted useful timber. It was found 
naturally that girth and length limits varied with distance from 
markets, facilities for extraction, and general intensity of demand. 
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The figures given do not prolees to give more than a general 
average, and cmly claim to approach accuracy for large numbers of 
trees. Their chief value, it is hoped, will be in providing a basis lor 
the production of local divisional or even range volume tables. Factors 
for rottenness, etc., must be worked out locally and this being done, 
we may in the Central Provinces be able to arrive at reasonably correct 
figures for the useful volume of our coupes, and enable auctions to 
proceed on a more business-like basis by eliminating the present 
speculative element. 

9. The curves given illustrate the enormous rise in volume (and 
consequently value) corresponding to rise in quality of a locality. It 
is known that with proper tending and conservancy the quality can be 
steadily and cumulatively im'provt*(l. In many cases quality II may be 
converted to quality I, quality III to quality II, etc. The writer has 
actually seen oases of teak coppice shoots, 11 years old of greater total 
height than adjacent mature stems on the same original stump and his 
opinion based on observation of woods in all the types obtaining in the 
province is that there is no reason why proper tending, thinning, and 
general protection should not improve the majority of our forests at 
least one quality. 

A further point is that the effect of i)iopor treatment is to produce 
a greater length of useful bole in a given height class so that the 
present volumes for, c.g., height class 51'—70' may be attained by the 
height class 81'—50' of the future. 

Expressed in terms of revenue for the province the increase would 
be enormous. 

10. It will be noticed that a distinct falling off ooeurs at about 7' 
girth on the curves for teak Tliis falling off does not occur in the 
sal and th(' explanation offered is that tin* best of our larger teak 
trees were hacked out in the past and that we have only infqpior indivi- 
diinls of the very large si/.t's left in the provinee. The sal curves show 
no falling off and the reason appears similarly to he that large sal 
timber was left alone more, and not entirely destroyed prior to the 
reservation of the C. 1\ forests. Sal has become generally exploitable 
more recently than teak and happens to rf)ecur jn the more remote 
localities. 

14. As regards the timber and other limits taken in the field in the 
course of the ooUeotion of the figures on which these tables are based; 
the local conception of what was exploitable was accepted in each case, 
and it was fortunaiely found not to vary so much as to vitiate results. 
The resultant mean obtained mav be somewhat high for some divisions 
and somewhat low for others, but these objections will tend to be 
eliminated with the more complete and detailed working which we 
anticipate and which, it is hoped, will equalise intensity of working 
throughout the province. 

V. K. MAITLAKD, 
BUvieuliurUt,^ Cenital Pranmoes^ 
t 918] 
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Tabus I.—Took. 

Voliima of Umber in the ronnd including baii (kt^ 0. P. 


heif^t dusM to Uie neuaet | cubic foot. 




Height class (fektI. 


Qirth class. 

-- 

, 

- 

— 

— 


11'-w 

1 

;V1 

5 '-7(1' 

71—90' 

or-iuv 

Over 7"- 10" 

1 

1 

1 




„ 10"—13" 

i, 

i 

1 

1 

u. 



„ 1.3"-16" 

1 ' 

1 

1 1 

li 



„ 16"—19" 

1 1 

> ! 

64 




1 i 


1 



„ 22"—2.r 



r* 

7 


„ 26"—31" 

li'' 

1 

7 

1 

I 

„ 31"—37" 

1 2 

j 

••i 

10 

144 1 


„ 37"—43" 

n 1 

8 

14 

20 1 

i 

„ 43"—19" 

V 

loj 

184 

26 

, 80 

„ 49"-.6.6" 

51 

l+i 

■:v 

••’34 

1 

„ 55"-61" 

74 

H) 

.3"4 

41 

1 

„ 61"—67" 

10 

28i 

37 

494 

' Oi 

„ 07'—73" 

13 i 

•284 

44 

58 

1 7-> 

„ 73'—79" 



.614 

671 

j 88 

„ 79"—8.6" 


40 

594 

77 

, oii 

„ 86"-9I" 


• 

67 • 

‘ 80 

105i 

„ 91'—97' 


... 

754 

964 

1184 

„ 97'—103" 



83 

li'54 

:291 
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Table H.— Teak, 

ViMlM 01 vmiDBr in mip avwmu __ 

tefisdttM)—iiiior^ girth iii6Mttremoiit--h7 girth eltSM 8 and 
locality qnalitlaa to the neareat i euUe loot. 


GiTtb olam. 


Locality Quality. 
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Table III.— Sal. 


▼(dume Umber in Um round inelnding badt (Uwal 0. F. 
dellniUon)—quarter glrtb meaaurement—by girth clawee and 
height clawee to the neareet I cabie toot. 


Girth 

ir- 30 ' 

H 

31' -60' 

IIGBT CLA8 

51'-70' 

8. 

71'- 90' 

91'—110' 

Over 

7" —10" 


h 

4 


... 

... 

>» 

10" -13" 

• 

k 

1 


... 


»» 

13" -16" 

• 

4 

1 


... 


♦» 

16 ‘—19" 


1 

14 

3 




I9"~22'' 


14 

24 

4 

... 

... 


22"—ar)" 

• 

14 

3 

5 

... 


j» 

25"- 31" 


2 

34 

64 

104 


>» 

31"-37" 


• n 

5 

94 

144 

204 


37" -13" 




13 

l»i 

27 

>> 

43" - 4.9" 



8 

16 

25 

34 

»» 

49"—55" 



10 

20 

81 

414 

it 

55"—61" 


... 

134 

254 

374 

50 

it 

61"_67" 



174 

814 

45 

584 

it 

67"—75" 



22 

374 

524 

674 

% 

a 

7S"—79" 



274 

45 

61 

774 

i> 

79"~ 8.5" 



-4 

524 

704 

884 

a 

85'-91" 




604 

794 

994 

ft 

91"—97" 

« 

... 

... 

694 

894 

1114 

if 

97"—103" 

• 


... 

79 

100 

124 


J_u 
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Tabu IV.—S.I. 


(Vob. HL 


Votoiu of tlmbor in Um loond iwoliwifnii tadt 0SooiI O. JP. 
Mbittbm)—qwurtor ittBiint«ma«l-<% gMh chuwwt and 

locsUty quality rtaiODTi to tbo iioaaiit )’ ciioio 










1*»! 


, . JIK! 

ltS!!S»Sanll*SI*i«if* 


iliiilliiliii! 


■ai«iii>a>'ai(aaaiaa*a<aaaatiaaMtiaMtai|«*Maaitiiiiiiia|aiatllaliai{ia«MilUH|aBaiiiatltlla|Siiit|aaaiilaait}||ai*iiif«lMkailai 
■ait«Ki*tataaaaiaaaaKaaBiiaaaiaaaaataatiiaaaaiMa«iMiliiai9aaa«iiaiilaaaaa|aai||iiaUMiii*t{Miiaii»aai(*aa«aiiaititiita|iiitiaa|t 
Fa<iaiiifaiiaaaaaaaaataaaaaaaaataaaaaiaaiataataaaaBiataaaMaiaiaaaaiaaaaaBMiaaaiaiiaaaaaaiitiaaiiaiaKtBaa*Biaiiaaaat(iiaa»aa»iaatit 
La xatiiiii ■■aiaaaatB*itaaaaaaaaaiaaaiaaaitaaiaBaaBaMaaaMaaiafaa|aBBfaif|aaa|aaaa9Maaaaiaifaatia|BaaaiiaaBa|i||Baafa|ai«aaiaaaaat 
■ai atiaaaaiBaiBtatBa»iiiaaBiaaaaaaaiiaaaaatiiiiBiaaaa«aaaiiBiaa|iBaiiili|iaBiitifiBaiataaBia|liiiaataiBiiiiiaitiaii#aBaaaaftia 
■ ai ii ■•tat.«aB»taaBaBaaaiataiBBtaaaM|a«aiiaatiBaiBiaaBaaiaiBaBaa|ii|i|itisaBaaiia|iBliBiaa»tBaa»»iaMiaBai»aa«MiBaa»iliiiMt«iiil| 


aaaahN*BaaaaaiaBaBaaaa*aaa»*»t 

atttaiaBBaaaaBfiBfBiaaaattBaaaB 

igliHilliiiiliiiiiiiiliilll 




■ 9 1919 l««a« 19999 ^•99999««9M99 999999«9999i9999i9999999999ii9Mi»9|9M9MMMM*9ifMlM«»9999999i9i999999iB|M»MMMP99Mi*iMlil 

- --.....l 9 ill 9 i 9 ti 9 MM 9 flMtiMiiiitiiiM« 9 iiiiM«it 9 MiS 9 MMMpUi 99 iili 9 «ii|» 9 i»l(i«iMl|«| 

-|J 92 ilMiam«iMaiiiji»Mj 9 M«»|«M 9 iM 9 i 9 |l» 999 i 9 l 9 a 99 l 9 l>Jil 99 t 9 J 2 a 999 { 9 jil 


tsIfHalaiSSlilSSlIlslIllanlalaalaaiill 







*1*11!III < 

^J?ssi83;;i:s3s;E::K;{hr^^^^ 

i«a»t 8 Bia 8 (aitBBk«a«aii|iii«*Biaa|a«Mtia 8 a«.'BiBatBBti 
iaBaBaaaaBiaataai .' 8 a 8 itaii 8 aBa 8 >' alaaaBaaaBBaB .' aBa 8 asr ' 
ia.<aa8Biaatitt8aaB « f 8 BB 88 aBtaa 8 B .' at 8 aaa 8 a 8 BaaBk aaBBai 


iBB|.\MBaaa 8 a 88 i 8 aiai*!^C^aaaaa 8 a 8 aaaB« <^aataa»BiBaaafa.’Ba|f 8 t*aataaiaa 8 *iatiaia 8 taiaiii| 
1888 jfa8Ba|888iB8a8|i8 4'ni8aiB*88888aia»«aaBaiBtiat8aaB |B»aii8|iiBila|iii»iaM»ata«taaii«L 
ltBllllii|l8iB|l(8BI8i«lll8B88B||f8l88UB81'IBII8liMiilB iiBk ii|iiMfBaiiBIM8IIMf 88«l*tBl| 
iBaBaiBBSSitBiaiBaaaitaaaaaaaiaiBBaaiaBaaia'ifiaaiatiiaii liiiK'iaiaBiiaaiiiitBBtltaasaiiiitl 
tia 88 l 8 aa 8 aa 8 t 8 fita 8 aB 8 i 8 t«iaa 8 i 88 aiia 88 iB 88 'ata 888 isiBlilBBtia.'Mf 8 liaail*Ka*t.»r----~*-- 1 > 


•88aaiB88a«B88l88Baai8Bllt8B88IMittB8|fl 

a38SSia3a3t!**S***B*t8a5Si3Saa!SS38*Ba8aj 

ii*33aiS3i38S33BBBa33BBtB8fX|3S383af3B838BBSi*333aSBS333a3a3BaS»*33ili3Sa3i|BS«33aiiUa33i33a!3S3*3333t'i«ta! 

l8l8lll88l88tai88it8iai«i|ii|l8iBi8i888ai888t8-BiaB888l88lf8S8iai.-B8SI8}88i|ii88ifl|*'a8i8IBtiaia*»ia88l(tail 

laBtfBtaaaiaaaavaaBtaBtiaBaaaaaBaaaaBaaaitiaaaaBtiBaaaffaaaBaBiaaaaBaiBBaaataaaaaiiaitaaaktiaatafBaBaaatiafiBk '■aaaiaaaaaaaaiti 

i8aiiaaaiiiitaa8aa«iaBa*aaa8iaIaaaaa8B8iaBaBS8l8Biaia8l«8atiaaiItaBaiaiBka|{asaa{Ia|«a8Sl{Ma8»aaUia»|filliilii||'attiaatBaMi 
laiaaiaaaitaaaaaaaaaaatiaaaaataaiaitaaaaaaaa 88881 ii 88 ta 8 ia 8 afaatt 8 aBast 8 .-iiai 8 it 8 tii*aiaiiiia«aBaait 8 aiiitBaaBtilaaaaaaaaaaai 


I laaiaaiafaitiaai _ _ 

U3!;;;::;::;:;:;3::::::::;::;;!3:;::;:::;::;;:;;n:33;383:;3:sss:s;3::3S3:iiESs:3Ri 





OF TIMBEft IN THE MOUNO INCLJJOtMG BARK CLOCAI. C. F. OEFINITIOM> QUARTER OIRTM MEA8UREMEMT 
SHOWING VOI.UME FOR S HEIGHT CL.ASSE8 Jk VARIOUS OIAMETERS. 
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VOLUME OF TIMBER IN THE ROUND INCLUOINO BARK <t-OCAL C. P. DEFINITION) BARTER GIRTH MEASUREMENT 
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INTRODUCTION. 

This Becoid is the first of a series dealing with HophoefarnhyM 
tpinioomis Newm., the large heart-wood borer of aal, a beetle of 
the family CerambyoideB, and the most serious pest of ShoreA 
Tobtiita, itself one of the most important timber trees of India. A 
history is given of the course of an epidemic outbreak of this borer 
in Dehra Dun forest division; owing to the accessibility of the 
locality it has been possible for the Entomological Branch of the 
Forest Besearoh Institute to make a continuous investigation since 
1916. During the letter part of the period control operations have 
been enforced over the whole of the affected area of eight square 
miles with successful results. 

It is customary and logical in entomological re«»earch to study 
fully the lifo-history and ecology of a pest, to base measures for 
its control on these data and to leave their utilisation to the executive 
forest officer. For practical reasons wo have departed from this 
custom and are publishing first an account of a fair trial of tlio 
control measures devised ffir this pest together ^\ith that important 
corollary—an estiinafo of the fiiianeial and silvieuliural of 

the operations What the fon^st officer n quirc'S, it has lain said, 
are not life-histories but death-hisioru's, not siiggesttul rtnadic's 
but tested remedies 

Concurrently with this investigation the borer-fauna oi nal has 
been studied as a whole. More than a hundred species tntx int^) 
the formation of this complex, some of which allain ])rimary import¬ 
ance in regions where Iloploceranibijx npinicon'is is scarce Bub- 
>e([uent publications will deal with tho lift’-his(ory an 1 and 

the morphology of the adult and early stages of Ilojiloi'f r^imbyx 
and of tlie mon* important spocics of snl bonus 

C. F. C. BEESON, 
Forest Enhmologist. 




Beeson and Chatterjee.'HopioceramuyA. 



Fig. 1. Felling refuse left in the forest alter removal of the timber. The hcartwood borers breed 
in this material and attack fresh trees in the following year. 



Fig, S, Sal beams and poles riddled by the large heartwood boi^r iHoplocerambyx Bpinicornit)» 
These have been cat from logs seasoned with the bark on, and from killed standing trees. 
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A DESOBIPnOH or THE AEEA. 

The Thano eal forests foriri a compact block of 6,080 acT(‘H, or 
nearly eight square miles, in the north-east of the Dehra Dun 
Division between the Malkot Hill and the Song River. The area 
has been under concentrated regeneration since 1908, and In 1911 
the prescriptions were completely revised, primarily, to provide an 
object lesson for the Forest College in the practical appiioation of 
concentrated regeneration fellings. At the revision of the working 
plan of the Dehra Dun Division in 1924 the area was again treated 
as a separate Working Circle. 
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As the distribution of the attack of Hoploceramhyx spinieomis 
during the epidemic described in this Beoord appears to have been 
largely influenced by the conflgiu'ation of the ground, it is necessary 
to give a detailed topographical description of the area. 

The forest stands on a broad liver-terraoe or plateau {chaor) 
formed apparently of detritus. The only geological map available 
(Medlicott, Mern. Geol. Survey, III, 1864) shows the tract as 
occupied by the upper beds of the Himalayan series (Krol, m/ra-Krol 
and Blini); the Siwalik formation is shown at the level of the 
Song bed. 

The chaor starts abruptly at the foot of Maidan Hill at a level of 
c. 2,500 ft., and slopes gently south-west for about 3^ miles to 
the bed of the Eiver Song, where it terminates near the 1,850 feet 
contour-line in a scrap 25-150 feet high, steepest in the north, 
Laterally, the area is bounded by two stream beds; on the north¬ 
west by the deep narrow ravine of the Bihar Bau, and on the east 
and south-east by the broader bed of the Bidhalna Bau. 

• The drainage of this terrace is carried out by typical consequent 
streams. In the early stages of its development three main con¬ 
sequent streams became established, but their later history has not 
been similar, and these differences affect the modem position of the 
subsoil water-level The Lambi Bau and the Palasi Bau have 

-developed tributary gullies mainly on their northern banks, and have 
extended their heads into the main hill-region above the 2,500 feet 
contour The catchment-area of the Lambi Bau in the hill-region 
and in the terrace is smaller than that of the Palasi Bau; its 
Western branch the Siron Hau, is a long, deep ravine without 
tributaries, and its ma*in eastern branch, the Ghandol Bau, is in 
its upper reach an obvious pirate gully, that has captured some of 
thf' hofid-waters of the Palasi Ban The Palasi Bau has three 

main brunches, of which one, the Beloghat Bau, has a con^derablo 
(atchmeut-area in the hills, while the others and the lesser tributary 
gullies cfdlect their water mainly in the upper levels of the terrace. 

The gnllirs in the south-east portion of the Beserve are of a 
<liffer<*nt type; they are drainage linos, that have been betrunked 
by the lateral erosion of the Jakhan Biver, which formerly joined 
tke main Song Biver higher up-stream. The lower courses of these 
gulUes are replaced by a river-terrace at a lower level (60 feet) across 

which they do not extend. That they are of the same age as the 

launbi and Palasi Baus is evident from the present appearance of 
the do-onergised Bago Khala, which is no longer corroding its 
bed In consequence of the alteration in their base-level and 
gradient, these gullies have not extended headwards so rapidly, and 
the art'U traversed by them is much less dissected, than that of 
the two Baus above mentioned. 
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The floors of these gullies, even in the oase of the larger Baus, 
are nowhere more than 50 feet below the level of the plateau; the 
average depth is 20 feet. Except when rain is falling they are dry. 

Throughout the tract the permanent subsoil water-level is very 
iow and attempts to dig ^'ells have failed. Springs occur at the 
junction of the terrace with the hilhside at about 2,500 feet, duo 
apparently to change in the inclination or nature of the strata, and 
water again reappears at ground level at the foot of the torraM 
at 1,750 feet. A large tappar occupies comparitnent 8H and grassy 
blanks occur in compartments to the south of the 1,950 feet contour. 


TEX HZ8TOEY OX TEX XPZDXKZO. 

1916: While carrying out the usual annual selection markings 
under the Working Plfln prescriptions of 1915-10, in December 1916, 
the marking officer. Pandit Tula Uam, Extra Assistant Conservator of 
Forests, discovered sciious damage by insects in. compartment 25. 
Trees of 3'-6' in girth were found dead or d>ing ^ith heaps of wood- 
dust at their bases, necessitating the marking of hundreds of trees, 
that would ordinarily not be removed under the directions of para¬ 
graph 62 of the Working Plan for the Thano Forest, 1911. The 
same state of affairs was suspected to occur in the adjoining com¬ 
partments 26 nJid 27, which are said to have shown no signs of 
damage, when enumerated by the same officer in the previous spring. 

1917 : In January 1917 the Divisional Officer, the President and 
other officers of the Forest Research Institute inspectcMl several 
compartments and it was generally agree i that ihe dying-off of trees 
was due to the attack of the large heart-wood borer of aal, 
Hoplocerambyx spmicornis Newm., and was sufficiently extensive 
to warrant the immediate adoption of remedial measures. The 
advisability of departing from the working-plan prescription of that 
season w'as also considered. 

The life-historv of Hnploceramhyx spinicornts in the United 
Provinces had at this date not been studied seriously, and such as 
was knowm of its bionomics was based on misconceptions due to 
Btebbing*s confusion of the species with Aeolealhes holoaericea 
Marking-rules to meet the emergency were devised by the Forest 
Zoologist, and an enumeration of the whole forest was undertaken 
by. parties under the direction of Mr. Daya Ram, Extra Assistant 
Conservator of Forests and the junior author .with the assistance 
of students of the Provincial Service Class under Mr. J. G. Douglas- 
Hamilton, Instructor. A total of 6,772 attacked $al trees watf 
recorded. This number represented the trees that had been attack¬ 
ed by the borer in the rains of 1916, together with any trees killed 
in the previous years in unworked compartments. 
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Various opinioDB were held as to the cause of the borer outbreak. 
There was a general tendency to consider that the majority of 
trees in the crop consisted of over-mature and unhealthy indiv duals 
which on thia account readily succumbed to the attack of the insect. 
(Vide Annual Progress Beport of Forest Administration in the United 
Provinces for 1916-17, page 11). It was suggested, moreover, that 
the d^ing-off of nal in Thane was not unusual, but was paralleled 
by similar occurrences in the past in other forests of the Unted 
Provinces. On the other hand the remedial measures proposed by 
Mr. B. B. Osmaston, President, Forest Research Institute (acting 
Forest Zoologist) emphasised the necessity of felling and removing 
the attacked trees before the rains of 1917 if the damage were to 
bo checked whatever the cauhe and extent of the outbreak. 

In March, the Chief Conservator, Uniled Provinces, decided that 
these measures involved operations on too largo a scale to be carried 
through before the close of the working-season, and that extraction 
should be postponed. The trees were auctioned in the autumn of 
1917, and felled in the porio<l N(.vembcr, 1917—March., 1918 and were 
left l}ing in the forest until the following year. The effect of thi^ 
docision on the progress of the borer attack may be deduced frojn 
the following fact in the insect’s liff’-history. The boreis that ^vere 
breeding in the marked trees, completed their development and 
emerged as beetles in July and August, 1917. These broods then 
proceeded to attack other trees in the nc ghboiirhood of the original 
centres of infestation, so that the 1917-18 generat’on of the insect 
was established before the infested trees of the previous year weie 
felled- 

The senior author on reiiirn from Mesopotamia reported on the 
position in Dect*mber 1917, pointing out that the delayed convers'ion 
of the 1916-17 trees had resulted in an extension of the attack on 
0 much more severe scale. The total number of sal, marked as 
newly-infested in 1917, rtMched 10,432. The incidence of attack 
on the I-IV |^rth classes varied between 10 and 50 per cent, in most 
compartments, and in places had risen to 100 per cent., as aga nst 
8 to 20 per cent, in the previous year The extraction of the ncwly- 
attaeked trees before April, 1918, wm evidently a matter of urgeut 
necesftHy, if the growing stock in Periodic Blocks II and III was to 
bo protected. As a remedy it w'as advised that (a) the contrac‘^or8 
working on the prev’ous year.s' trees in the heavily-attacked com 
partments should be persuaded by favourable terms to e\tr. ct or 
convert the trees of the present year's attack, or (h) felling and 
conversion should be undertaken departinentally, or (c) if conversion 
was impossible, extraction in the round to the depots outside the 
forest should be attempted department ally from the most severely 
attacked areas. 
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Measures were also proposed for the utilisation of attacked trees 
an unworked parts of the forest for the trapping of bn>od8 gf the 
borer in the early rains of 1918. The markings rules wore dosignod 
w'ith the object of removing at one felling the maximum quantity 
of infested trees in the most seriously affected parts of the forest. 

1918 : The remedial measures advised by tlie Forest Kesearch 
Institute were considered by the Chief Conservator as impracticable 
even if not impossible, and further he doubted w'hether they would 
be effective if eairied out. As an alternative solution he proposed 
(January 1918) that “all infected trees should be at once felled and 
left unconverti‘d and unbarked in the forest. 'I'hese will form a 
complete trap and all emerging insects will lay their eggs in them 
since they pnder felled timber. The trees can then be converted 
next year (1919), and the i^cfuse burnt if necessary before March.’* 

As these measures were eventually put into force in place of 
those recommended by the authors, it is desirable to explain why 
they were not supported by expert opinion. The infested trees 
representing one year’s attack fall into two groups, (a) heavily* 
attacked tn^es (i.e., trovin of which the whol<* bark is destmyed by 
the boring larvae), and (h) slightly-attacked trees, (be., trees of which 
only a portion of the bark is destroyed). The assumption made in 
the Chief Conservator’s reinely is that the tn'cs slight’y-attack* d 
in 1917-18 would be sufficient to provide breeding-niat(*rial in 1918-19 
for all ffl'etles emerging from them, as well ns for the beetles emerging 
from the fatally-attacked trees. The ratio of slightly-attacked trees 
with largo areas of undestrojed bark, to fatally-attacked trees, affo'd- 
ing no breeding facilities, is one important factor; and the rate of 
increase in numbers of the beetle fro*'.. yt‘ar to year is another 
important factor. Only if these two are of equal value will the felling 
of attacked trees to serve ns traps ‘prove an effective remedy. The 
rough enumerations made by the authors showed that the value 
for the foniier ratio was approximately 1, and the value for the rate 
of increase of the beetle was about Hence it was cst/iniilei 
that the 1918 beetles would require at least 14,000 trees to breed in, 
whereas only 5,000 trap trees would he available,* and the United 
Provinces Forest Department was advised that the |>roposed remedial 
measures would not obtain the result desired. 

The 8oh(‘me was nevertheless adhered to, and the 11,440 trees 
of the 1917 attack were felled in May-June, 1918, and left in the 
forests throughout the rains with the previous year’s yield. 

1919 : During the period November, 1910—April, 1919 the trees 
attacked in 1916 and 1917, that had already been felled were removed 


* A Tear later it was found that 27,4^0 fresh trees were attacked in addition to 
- the 11,440 trees felled 

[ 227 ] 



(} Iniian Porest iiecord$, [Vol. Xl. 

irom the forest. In March, May and June, 1919 the attack of the 
rnina of 1918 was enumerated by the Divisional staff and a total of 
^,518 living 9aJ was discovered to be infested. In pursuance ol the 
same policy these trees were felled aUd in the autumn were sold. 

As fui experiment, the Forest 2iOologi8t was permitted to apply 
his remedy to a small area involving four compartments, from which 
the infested trees were removed in April-May, 1919 {vide page 80). 

It was now becoming obvious to the Forest Department of the 
United Trovinces, that the borer attack in Thano forest was not being 
chocked as anticipated- The felled 1917 trees had failed to act as 
traps, and the number of the felled 1918 trees had now risen so high 
that their removal constituted a task beyond the capacity of the 
contraotors. A new dilemma was introduced by the practical oiiff* 
cultios of felling unsold trees in the same coupes as sold trees. The 
high death-rate was also beginning to make itself felt on the provisions 
of the working-plan, and in October 1919, Mr. S. H. Howard, 
Silviculturist, observed that if the annual attack killed more trees 
in Periodic BUxsks II to VI, than w'ou’d ordinarily be removed 
sylviculturally, or even killed trees other than those that should be 
removed sylvicu’turally, the proposed conversion of the forest from 
►election to uniform cf>uld not be continued. The whole possibility 
was already being removed from Periodic Block I, and if more than 
the total possibility of the forest were removed annually, it was 
only a question of time before the forest ceased to exist. 

When the necessity arose for deciding on the operations of the 
season 1919-20, Mr. ¥, F. li. Channer, Conservator, Western Circle, 
proposed to discontinue the marking cmd felling of insect-attacked 
trees for 1919 w’ith a view to adopting the measures recommended 
ly the Kesearch Institute in the next season, 1920-21. The matter 
M'as therefore referred to the Forest Zoologist for advice. 

Tn November 1919, a scheme was designed with the objects cf 
(a) obtaining an annual yield of attacked trees in numbers small 
enough to be handled by the available local labour-supply, (h) con¬ 
ducting the operations on a revenue basis, and (c) checking the 
'nsoct-epidemic in two or throe years. The proposals may be sum¬ 
marised as follows: — 

1. Abandonment of the enumeration of attacked t^'ces in the 

season 1919-20. 

2. Enumeration of the whole forest as late as possible after 

the rains of 1920, marking for removal (a) leafless treea, 
(b) trees with withered foliage, (c) trees with green foQage 
and ve»y large heapa of wood-dust at the base; thereby 
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neglecting (d) green trees with small or inoonspionous 
amounts of ejected wood-dust, and (c) green trees with 
dammar flow. 

3. Felling and removal of marked trees, with felling refuse 
down to one-foot-girth, before March Slst, 1921, with 
extension to April dOth, 1921, if required. 

The trees were to be sold standing on favourable tenns to ensure 
the removal of all felling refuse, lop and top, unconverted timber, 
etc., down to one-foot-girth. If the yield from this source were 
less than the annual possibility under the normal prescriptions, 
additional fellings should be made of trees classifled under (d) and 
(r) of section 2 above, in compartments due for working. 

1920 : The measures were eventually adopted with slight modi- 
flcations m June, 1920, and put into force at the end of the year. 
The 27,480 trees of the 1918 attack contained a very high proportion 
of slightly-attacked trees which were felled green in 1919 in a condi¬ 
tion suitable for reinfestation. In 1918-19 only 10 per cent, of the 
trees marked were dry or leafless, whereas in 1917-18 over 40 per cent, 
w’i're dry trees. It was exjpected, therefore, that the 90 per cent 
slightly-attacked 1018 trees w'ould absorb a large pn)portion of .the 
1919 attack, but this effect could not be measured as the felled 
trees were extracted in the period November, 1919 to June, 1920, and 
no enumeration of the 1919 attack was undertaken. 

It was also expected that the revised marking-rules w^ould result 
in the selection of the most heavily attacked trees, but that a 
proportion of the infestation in the form of slight attacks would be 
left over until the following year. During September, 1920, Thano 
forest was surveyed b\ the divisional ,taff for insect-attacked trees, 
and a total of 3,60*") nal was recorded. This figure represents the 
trees that had di(*d .is a result of the 1019 attack, plus a small pro¬ 
portion of the Hi20 attack. The f)eriod in w’hich the enumeration 
was made wae much earlier than desirable, for the 1920 attack had not 
developed suflicitntly by tlie beginning of October to permit the 
detection of an\ but the heavily-attacked tn'cs. 'J'he Divisional 
Officer was advised to arrange for the contractors to remove such 
trees .os died off in their coupes during the subsequent working-season. 
]*robably an additional couple of thou-*and trt»e8 showed evidence 
of (infestation before the spring of 1921, but the number taken over 
by contractors, of which records are available, was only 250. The 
total removal of insect-attacked sal in 1920-21 was, therefore, 8,855. 
These were sold at an average price of four annas per tree. 

1921 : The control measures based on principles advocated by 
the Forest Zoologist in 1917 had at last been adopted, and had been 
7 )ut into force in the season 1920-21. Their effect should, therefore, 

[ 229 ] ‘ 



g Indian Forest Records. ^Vol. XI 

have been visible in the season 1921-22, if correctly applied and if 
conditions remained unchanged. But owing to the early date of the- 
enumerations of 1920 it was evident that the control measures had 
not operated with full force and would show only partial effect in 
the following season. It had also been discovered from experiments 
conducted in the forest and the insectary, that the divergence of the 
annual rainfall from the mean was a factor that affected the success 
of control operations; and that this factor should be taken into 
account f>vor series of years in estimating the value of the remedial 
measure - 

A third factor was introduced by the Divisional Officer, who 
conducted a subsidiary experiment involving five compartments 
having a total area of 291 acres. This officer burned all the felling- 
refuse, climbers and undergrouiih on the area in compartments 64-58 
on the 18th April, with the object of destroying all breeding-material 
not removed by the contractors. He found it was not possible !(' 
bum over the area without danger to the standing crop, as '‘some of 
the healthy green trees were badly scorched by the intense fire 
caused by the dry stuff at their bases**. He proposed to continue 
the burning in the month of February in subsequent years, and to 
extend the ares until the whole forest had been burned over,—an 
Operation that would tak(‘ fourteen years. On the advice of the 
senior author he w.as dissuaded from continuing the experiment. 

I’lie 1921 attack was enumerated over the whole of Thano forest 
between th(‘ loth October—10th November 1921. and a total of 5,825 
snj attacked by Hoplocerambyx spinicomis was recorded. Of this 
number 1,028 trees or 28 per cent., were located in the five com¬ 
partments burned by the divisional officer. That t^e whole of 1921 
attack liad not been •recognised bv divisional enumerators, waa 
discovered from sample surveys made by the junior author in 
December, which indicated a deficit of about 37 per cent. The trees 
were felled in December 1921—^February 1922, and extracted before the- 
end of Aprnl 1922 They vvere sold at an average price of twelve 
annas per tree*. 

1922 : Although it is desirable to postpone the enumeration of the 
attack of the sal borer as late as possible into the cold weather 
in order to recognise all the trees that should be removed, it was 
not possible to do so in 1922. The enumeration was made between 
the 1st and 21 st November by Deputy Hangers and Foresters with 
a \iold of 4,411 frees These were felled duHng December 1922— 
Febninrv’ 1928 and extracted before the Ist of Mav 1923 

1928 : The enumeration of attacked trees by divisional agency 
was completed in December. A portion of the work was checked bv 
the Forest Fjntomologist, as a result of which the Divis'onal Officer* 
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re-enumerated the forest and obtained a total of 2,625 trees. This 
is equivalent to an attack on one per cent, o! the growing stock. By 
four-inch girth classes the actual percentages are:— 

r-ir. 12^--16". 16"—ftcr^ ar—24". S4" and over. 

1*12 0*86 0*81 1*21 0*80 

19SM: The total attack was 1,488 trees. 

THX oBxanr or the xpxdbmio. 

From the present evidence on the geographical distribution of 
the large heart wood borer of sal it may be accepted that the insect 
is naturally established, i.e., endemic, in the moister forests of the 
sal habitat, and in the norlherninoBt extensions in the Ciaugetic 
plains. Dying or felled trees form the insect’s normal brteding- 
material in which it maintains a numerical abundance, that does not 
permit the infestation of more than one standing sal tree per acre 
per annum. Its normal endemic incidence is probably much lower. 
Under epidemic conditions, such ns occurred in Thano, and possibly 
in Bhira, South Kheri, Lachmanmandi in Haldwani, or Chakia and 
Motipur in Bahroich Divisions, the attack on standing trees may reach 
]()() per cent, locally. 

The causes which led up to the Thano epidemic, detected in 
1910 are obscure, but an examination permits many of the likely 
factors to be discarded. 

J I^KLLiNos —The conduct of the fell'ngs under Ihe 1910 working- 
plan is a possible contributory factor, on the supposition that the 
lop and top and unconverted portions >^1 logs serve as breeding- 
material. Compartmt'nts in which fellings have occurred should show 
n higher degree of attack than those untouched by fellings. On 
this assumption compartments 30 to 84 should show signs of attack 
in the cold weather of 1^916-17 with increased intensity in 1917-18. 
Uornpaitments 23 to 26 should show initial attack in 1017-18- Actual 
conditions do not agree with this hypothesis:— 

In 1»16. 

.. ^ .„„k, 

24, 25, 26 • • show strong attack. 

31, 32, 33, 34 . . «how vtry u eah attack. 

On the other hand compartments in which no fellings have occurred, 
r g.. Periodic Blocks II—III and the northern part of the forest, 
show the heaviest attacks. A comparison of the proportion of dry 
trees in the outturn of coupes in Thano previous to 1016 la of 
-interest. 


[281] 



io Indian Pore$t heeorda. Islt. 


Proportion of dry sal trees in regular coupes. 


Latest year of attack. 

Year 

of 

sale. 

Compartmant 

number. 

Percentage 
of dry sal 
treM. 

1911. 

1912-18 

14 and 15 

6-7 



16, 17, 18 

j 

8-1 

1912 ... . . 

1913-14 

19, 20, 29 

6-8 



21, 22 

U-3 

1918. 

1914-15 

81 

6*8 



88 

17 



34 

4*8 

1914. 

1915-16 

28 

8*2 



24 

81*7 



25 (part) 

34-8 



26 (part) 

25*0 



1 

8*1 

1915. 

1916-17 

25 (part) 

22-8 



26 (part) 

24*5 



27,28 

18*2 



41, 42 

5*5 



1 (part) 

6*0 



3 

2*6 


From the table above it is evident that the epidemic was already 
in existence in compartments 24, 25 and 26 as early as 1914. Cor¬ 
roboration of the early development of the outbreak is available 
from records made by the Forest Zoologist of groups of freshly 
attacked trees in compartment 47 in October 1918, and in compart¬ 
ment 31 in the spring of 1914. 

The fellings are therefore not to be regarded as a contributory 
cause of the epidemic. 

2. Fhost damage. —The compartments most seriously attacked 
by the borer were those thiit suffered least from the frost of 1905. 

3,. The health of the growing stock. —^The general opinion as 
to the health of the growing-stock is expressed in the Annual Beport 
of the Forest Administration iz^ the United Provinces for 1916-17, 
page 11;—“the affected trees were all overmature and hide-bound 
and, in short, were in an unhealthy condition and should not have 
been left in the crop so long 

In the following year other causes were instanced as responsible 
for the epidemic, vide the same publication for 1917-18, page 10. 
“They (the trees) are almost all commercially matuie and their 
removal will benefit tiie fcKest. There must have been something 

[ 383 ] 







11 


Past VIII.] Bebsok & Chattbrjbb: Sal heariwood-horer 

ymmg with the crop for an attack to make such headway, 
as the insect concerned is always in existence sporadically in our 
forests. A great many over-mature trees had without doubt been 
retained in the crop owing to faulty prescriptions in tlie working- 
plan fiuming at too large an exploitable sise for the locality. There 
wrere other causes too. It has been observed that anything that 
tends to check the flow of sap favours the growth of the young 
Hoplocerambyx larvae In this case the trees suflered badly in 1016 
from attacks by defoliating caterpillars. This checked the flow' of 
sap. Then in 1917, owing to the continuous rain and cloud there 
was little direct sunlight during the growling season. Transpiration 
was reduced and consequently the flow of sap checked. It is 
believed that these causes enabled the usual sporadic attacks to 
become general". 

In the followdng year the Annual Report for 1918-19 says: 
"These (insect-attacked) trees were of all sizes and qualities and the 
attack is by no means mostly confined to mature and unhealthy 
trees. The Forest Silviculturist found that the typo of aal tree in 
Thano which had been considered from the appearance of its bark 
to be stagnating and unhealthy is actually putting on on excellent 
annual increment". 

' In 1919-20 the normality of the health of Thano aal is accepted, 
but "it is considered that Thano forest was so overstocked that 
the attack, severe as it has been, has not rc'SuIfed in a serious 
over-felling" (A. R, F. A., U. P , 1919-20, page 9, paragraph 37). 

’ By 1923, however, conditions had changed tliis view and we find 
the Working-Plan Officer treating Thano forest ns a separate Working- 
circle apart from the rest of the aal forests of tlie Division, becau<-e 
"the severe attacks of Hoplocerambyx necessitate the calculation 
of the yield on the w'hole volume of the growing-stock and the removal 
of all the attacked trees before any other fellings are made 
(Working Plan, Debra Dun, 1928, page 66, paragraph 112). 

4. The Annual rainfall, —In 1921 the senior author suggested 
that "the annual rainfall is an important factor in the dying-off of aal 
and in the efficiency of the borer attack in a Hoplocerambyx endf‘iTuo 
area". (Beeson, 1921, Indian Forester, pages 69-76). It was con¬ 
sidered that rainfall above the normal for the foot-hills of the outer 
Himalayas is favourable to the development and reproduction of 
Hoploceramhyx apinicomia and that, per confra^ rainfall below the 
normal causes reduction in the abundance of the insect. "The 
emergence period of the beetle* is directly influenced by the initial 
date of the rains and their extent, through their effect on the 
moisture-content of the heart-wood of aal and the relative atmospheric 
humidity of the pupal chamber of the borer lying in the heart-wood. 
In a wet year some 711 per cent, of the beetles emerges in the first 
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moatii of tibo tains; in a dry year the period is prcdonged to six csr 
eight weeks. Assembling, pairing, and oviposition stOi facilitated and 
the possibilities of mass-attacks are increased; there are, moreover, 
indications that in seasons of deficient rainfall fecundity and longevity 
are decreased ” (loc. oit. page 70). Studies in the effect of rainfall 
on the ecology of Hoplocerarnhyx have been continued, but it is 
beyond the scope of this Becord tq discuss the additional evidence 
for the validity of the hypothesis outlined above. 

The article quoted suggested further that abnormal'ties in the 
annual rainfall affected the res'stanoe of the host-tree, sal, to the 
attack of the borer, in so far that a series of wet years mipht produce 
unfavourable^gDondit'ons of soil-aeration, that react on the vitality 
of the tree. (See Plate V, fig. 1, for annual rainfall.) 

THl AKirUAL XKOIDlirOX 07 THZ BOXXB AHD THX 
AXXXTAL DI8TBIBX7TXOX 07 TEB ATTAOK. 

The following table gives the total number of trees marked as 
insect-attacked for each year of enumeration. These figures do not 
represent the actual abundance of the insect and are not directly 
comparable inier sc* 


Annual enumeration of eal treea^ Thano. 


Year of attack. 

No. of tree® 
marked 
as attacked 

Year 

of 

attack. 

No. of tree® 
marked 
a® attacked. 

1916 

. 

• 

• 




8,772 

1920 

8,855 

1917 

• 

• 

. 

. 

. 

- 

11,336 

1921 

5,825 

1918 

. 

• 

• 

• 

. 


27,480 

1922 

4,411 

1919 



. 

. 


. 

No enumera¬ 

1923 

2,626 








tion. 

1924 

1,438 


1.—^Thk areal distrtbution of the attack. 

Since the compartment has been generally iised as a unit in 
carrying out the enumeration of attacked trees, it has been possible 
to prepare maps showing the severity of the attack from year to 
year. (Vide Plates I—IV, Maps 1-8 and Appendices I and II.) The 
degree of attack per compartment has been reduced to the common 
index of number of attached trees per acre. In the distribution 
maps (to avoid the use of decimals) the contour lines' represent the 
number otattabked trees per ten aoms, vts., 5, 10, 20, 80, 50, 100, 200 
wjtkA over. 
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1016: In the first year of special enumeration the trees marked 
included those attacked in the rains of 1916, those that had died 
as the result of the attack of 1915, and possibly of several years 
fffeviously (Vide Origin of the Epulenuc, pAgo 10) At the tiivc 
no atk'mpt was mode to identify the trees attacked in 1015 and 
previously, but from other data it is estimated that at least 2,000 
of the dry trees should he considered to have been killed in 1916, 
and 8 probable 1,800 date from 1916 and i)reviou4y. These trees 
were located principally in compartments 25 and 27; 39 , 46 and 47; 
48; 51; and 52, i.e , in areas which me among the most severely 
infested in subsequent years. The areal distribution of thi* attacked 
trees surveyed in 1916-17 is gi\eii in Map Ko, 1, plate T 

1917 : In 1917 the enumeration figures represented more closely 
the actual distribution of *he epidemic in Iht' soaHon 1917-18. Two 
large centres of heavy infestation were revealed—a north-eastern 
focus composed of compartments 44, 46, 47, 48, 51, and a nc)rth- 
western focus comprising compartments 54-58 with an outlier in 89; 
these areas represented a direct extension of tin* «illack from the 
previous year’s foci 1'hore was a general slight rise in tin* iiieidenco 
over the southern part of th(» forest; but the higli dt‘gret' reached in 
1916 in compartment 25 and 27 was followed by a defin.le decrease, 
while tow^ards the south-west the abundance of the hor(*r did not 
materially alter. (Vtd( map No- 2). In this vear an attempt was 
made to place the attacked trees in two classes, (a) dead trees with 
brown or fallen foliage, and (b) green tr(‘(*H, on wdiich the attack 
had not been severe enough to cause death by the date of enumeration. 
A total of 3,987 or 39 per cent, was fouid to he d(*ad by March, 
1918 The areal distribution of the <lry trees confonns very closely 
wdth that of the tot.il attack, compartim ds 44, 46, 17, 48, 51 form a 
region of high mortality; compartiiMUits 54-57 form anf>iher, and 
compartment 89 is similarly isolated It in ay be noticed that thf‘ 
compartments with the heaviest infestation form a zone in the mirldle 
and lower reaches of the principal tributary gullies, all of which 
converge near the level of the 1,195 feet contour-line below which 
the gradient flattens out. The trend of the height contour-line is 
N. W.-8. E., more or less parallel to the t^astem boundary line 
between Government and Zamindari forest. 

1918 : The attack of 1918 w as the most serious recorded for whole 
period, exceeding 27,000 trees It has been suggested that the 
forest was much over-marked and that the attack was actually not 
60 serious. The rate of increase in the number of trees marked 
is 2*4 as against 1*7 from 1916 to 1917; but if the acoionulated 
trees prior to 1916 are subtracted from the enumeration tr'tal of 1916, 
the attack of 1916 comprises about 8,500 tirees, so that the actual 
rate of increase from 1916 to 1917 is nearer 8*8 times. In the 
writers* opinion this rapid increase did occur, and was much facilitat¬ 
ed by the felling of the attacked trees. Unfortunately the divisional 
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onumerators used a new system of defining and classifying the 
evidence of attack, lumping the bulk of the attacked trees under 
the term '*Green'\ instead of using the sub-classes ''Ghreen'’, **HaIf- 
green,’’ and ''Leafless", that had been previously adopted. A check 
on the regularity of the markings is not possible on this basis. 

The chief features of the distribution in this year are the extenbion 
of the area of heaviest incidence over the whole of the northern 
part of the forest, tmd a proportional increase over the southern 
part; the appearance of new foci in compartments 29, 11, and 68; 
and the occurrence of a central zone of low attack around compart¬ 
ments 28 and 14 {vide map No. 8)* The "dry" trees form a very 
low percentage of the totad and their distribution (as shown in map 
No. 4) does not conform so closely with that of the total attack, 
which may iindicate lack of uniformity in the markings, at least in 
time* The year 1918 was, however, a drought year .with less than 
half the rainfaill of the previous year (55*57 inches against 119*33 
inches), and this may be responsible for the discrepancy. It is 
believed that the delayed and weak monsoon of 1918 acted as a 
serious check on the reproduction of the borer and reduced the 
severity of the attack on the individual tree. In consequence the 
proportion of sal trees killed outright was lowered, and also the 
proportion of beetles surviving successfully to the rains of 1919 was 
heavily reduced. Although emerging at its maximum abundance 
in 1918, the insect was able to carry out only a diffuse and weak 
attack; paradoxically, its year of maximum abundance was that of 
it% least strength. 

1919 : The incidence of 1919 must remain unknown, ns no enu¬ 
meration was carried out, except in a few compartments used by 
the Forest Entomologist as sample plots. 

1920 : In 1920 the marking was done according to the new rules 
prescribed for control measures, which aimed at removing only the 
killed trees, and those so heavily attacked, that death was likely 
to ensure during the course of the life-cycle of the borer. Hence 
a yield was obtained, which, in comparison with those of the un¬ 
controlled period 1916-1918, appears very low. The total also 
included those trees, that had died as a result of the attack of 
1919 and consequently were still standing in the forest in the autumn 
of 1920. (Vide map No. 5), It must again be emphasised that 
the enumeration figures of 192(hJ983 are in no way compatahle with 
those of 1916-191S as an index of the severity of the atiaelc. 

1921—1928 ; Exactly the same methods of maikittg were adopted 
in the three years following, so that the quantities obtained represent, 
in each year, part of the current year’s atta<^ and the bi^lsnoe of 
the previous year’s attack, that beoamt veoogoiartle the 
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oompletioii of the enumeration, llie effect of the remedial measures 
in reducing the actual abundanoe of the insect (as opposed to the 
reducticsi of the yield of attacked trees) does not begin to operate 
until after the extraction of the 1920 trees, t.s., the enumeration 
of 1921 is the ffrst that could show a reduced yield as the result 
of reduction in the abundanoe of the insect. From 1921 the yield 
decreases steadily to 192h (5,825 to 2,625 trees), and the natural 
inference is that the abundance of the insect is similarly decreasing. 
A scrutiny of the distribution maps Nos. 6 to 8, and, in peirtioular, 
the course of the 5-treo and 10>tree contours, suggests another 
inference- In 1920 the number of compartments wiUiin the 5-tree 
contour is 37, equivalent to an area of 2,180 acres; and the number 
within the 10-tree contour is 24, equivalent to an area of 1,834 acres. 
In 1921 these territories have enlarged, and a further inorease occurs 
in 1922, while in 1928 a decrease commences. The table below 
compares the areas having an attack of one tree per two acres and 
per one acre with the rainfall per annum. 

Comparison of horcr-terrifory and rainfall, Thano. 


Year. 

1920. 

1921. 

1 

1 

1922. 

1923. 

No. of coinpaitiiienU with 1 liec per 2 acre* 

87 

47 

60 

33 

Area of compartment a in acrea . . • 

2,180 

2,818 

3,6.SO 

2,076 

No of compaiiuieiita with 1 tree or moic 
pei 1 flcie. 

a 

28 

23 

n 

Aiea of com]mitmeiit8 in acrea 


1,652 1 

1 1,350 

784 

Rainfall in inchea ' . . • 

78-49 

116-96 

1 121.34 

f 

64 92 


It is evident from the above that the area of infestation was 
spreading from 1920 onwards. Over the greater part of the forest 
the general incidence of attack was rising to the level of one tree 
per two acres, in spite of the fact that it was being reduced in the 
heaviest centres. The insect wQs on the increase and the epidemic 
uas wasting. We explain this«by reference to two factors, the annual 
rainfall and the control measures. The rainfall from 1920-1922 was 
favourable for the increase and dispersal of the insect, just as 
occurred in the previous phase of 1918-1017, while that of 1928, 
coupled with the effect of the control measures, was less favourable. 
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as in 1918*. In the temtorias of most severe infestation the reduc¬ 
tion in incidence is directly due to* the removal of attacked trees 
under the control policy. As has been mentioned above, the 
increased attack in 1921 in the area surrounding compartments 54—58 
is due to the fire introduced by the experiment of the divisiona] 
officer. The effects of the fire were removed by 1928. 

If the foregoing inferences are correct, it would seem, that the 
remedial measures applicable to epidemdcs are not capable of strongly 
infiuencing the incidence after it has been reduced to a level of one 
tree ,per acre. The climatic control is more powerful. We are 
justified in relying on assistance from natural factors in years of 
average and low rainfall, but in a period of exceptionally wet years 
the adoption of special measures would be advisable. In particular 
the enumeration of attacked trees should be postponed till as late 
after December as possible (in the north-west of the United 
Provinces). 

2.— Topographical factors in the distribution op the attack. 

A cursory examination of the distribution maps leveals that the 
epidemic commenced in the north of the area, and spread south- 
westwards as it waxed; it retreated to the north-east as it waned, 
leaving behind horsts or outliers, that gradually broke up or dis- 
appeannl The country^ in which it reached its most destructive 
climax is much dissected by narrow and deep ravines, usually with 
precipitous banks. Topography of this type may influence the amount 
of damage bj its effect on (a) the breeding-facilities of the insect, 
and (b) the resistance of the host tree: — 

(a) Brceding-faciliiiea —In deep shady ravines not only are 
conditions more favourable for the prolongation of the 
life of the adult beetles and for egg-production, but also 
for the successful development of the larvae due to the 
delayed desiccation of the bark and wood of fallen or 
felled trees. Moreover, in country out up by numerous 
ravines and steepsided valleys extraction is difficult, so 
that a greater proportion of felling-refuse is abandoned. 
Hence, ravine country may be considered as forming the 

* endemic foci in the natural hab'tat of H. apinicomis and 

also as showing the highest degree of attack on, living trees 
in years of low abundance and low rainfall. 

(b) Reaiatance of the hoat-tree ,—^As Hole has shown f^eco- 
logy of 8al Ind. For* Beo. V, IV, (1914) p. 89; (1916) 
p. 80] the saturated soil of a aal forest in the rains deve- 
iopes an injurious factor that may cause the death of the 


* Tlie evidence the effeot <if rainfall on the ahimdaoce of Uopleeeramhy^ 
efiaieermit will be given in another paper. See idto page 11. 
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8ur£ac6,-roots of large trees, and be has pointed out that 
the death of the deepest feeding roots, particularly of the 
dominant and most vigorous trees, may bo caused by a 
slight rising of the water-table. 

' In the loose boulder-deposits on which Thano forest stands it is 
probable that the latter factor does not occur, although there appears 
to be evidence of local ponding-up of drainage in the tributary gullies 
pf the main consequent ravines, that have extended their head¬ 
waters into the foot-hills. Plane-table surveys of the distribution of 
attacked trees were made in compartments with topography of this 
type and also in compartments on level ground in }ears of high and 
of low rainfall. The location of the attacked trees was, however, not 
found to conform very closely with the trend of the siream-oourses. 

It was equally difficult to ascertain if the former type of injury, 
/.e., surface water logging, occurs. The subject has been disoussed 
in a previous paper (Beeson, 1921, Ind. For. pp. 69— 16). It was 
found that in an abnormally wet year (1917) the heaviest mortedity 
occurred in that part of the forest growing on a sandy or gravelly loam, 
while in an unusually dry year (1918) the mortality decreased on 
sandy soils and increased relatively on clayey soils. Apparently the 
better drainage of the sandy and gravelly loams (assisted by the 
numerous gullies, that arc more developed in such areas than in 
fhe clayey loams) prevents the formation in normal years of the 
injurious factor due to bad soil-aeration. A comparison of the pro¬ 
portion of trees killed to trees attacked showed that in an abnormally 
wet year the resistance to attack of trees of all sizes is about the 
same, whereas in an abnormally d>*y yet r the larger trees are more 
resistant than the smaller trees. It was assumed that the factor 
reducing the relative resistance of large trees in a wet year is bad 
aeration of the surface soil. Since 1920 the slightly attadeed tr( es 
have not been enumerated and no further evidence bearing on tbit 
hypothesis has been available. 

8.—The distribution of the attack on the obowing-stock. 

The general idea, that epidemic attacks of borers of such as the 
one now described are confined mainly to sickly or over-mature 
Uees, is reflected in the Annual Beports of Forest Administration 
in the United Provinces for 1916-1917 (page 11), and for *1917-1918 
(page 10), where the attacked trees are described as **overmature*^ 
‘‘commercially mature'*, and “hide-bound". ISiat such is not the 
case is evident from an examination of the figures in the table below, 
which show the percentoge'distribution of attacked trees by girth- 
classes. As the enumerations from year to year were made some¬ 
times by 1 foot and 1| feet girth-olafuies, and soznetimes 
by 4-inch diameter-classes, it has been necessary to lump together 
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several classes in order to make a direct comparison of percentages 
over the whole period. 

Dietrihution of attack hy girth and diameter claesee. 


Thano, 1916—1923. 


Oirtli 

0l«M. 

nUmeter 

Ot»M. 

1818. 

1817. 

1818. 1 

1820. 

1821. 

1822. 

1828. 

1 

*S 

d 

. 

Si ' 

1 

1 

•s 

1 

a 

1 

1 

"S 

d 

5^5 

PeitenUge. 

No. of trees. 

1 

1 

*o 

d 

Percentage. 

1 

d 

Jr. 

1 

£ 

No. of trees. 

1 


0"—12" . 

2,828 

87 

6,176 

46 

16.094 

i 

68 

I 

1^1 

47 

4.048 


8,031 

68 

1,765 

67 

4^-44' . i 

12"—18" , 

2,648 

88 

3,808 

84 

8,236 

30 

1,376 

36 

1,"60 


1,071 

24 

666 

86 

44'-6' . 

l8"-f4" . 

1.264 

18 

1,804 

18 

2.685 

8 

1 

670 

15 

446 

8 

204 

7 

187 

7 

Over 6' • 

Over 24" . 

846 

6 

873 

8 

605 

* 

i ™ 

8 

71 

1 

33 

7 

18 

1 

Total! . 

IQ 

wT 

11,440 


27,480 

g 

8,866 

100 

6,826 

100 

4,411 

g 

8,626 

100 


The percentages are shown graphically in the annexed diagram 
(Fig. 2) which emphasises the fact that the major part of the attack 
throughout the period has fallen on the smaller diameter classes. 
With the extension of the epidemic and the increase in the abundance 
of the beetles from 1916-1918 the severity of the attack on the trees 
of smaller dimensions gradually increased- During the period of 
revised control-markings 1920-1928, the distribution of attack has 
remained remarkably steady, nob exceeding 9 per cent, on trees over 

feet in girth. The anomalous proportions in the year 1920 appear 
to be due to the combination of two years' attack (1919 and 1920) 
in one year's enumeration, the introduction of new marking rules 
and the date of the enumeration. 

The question now arises: Does the peroentage-distiibution of 
attack by Hoploceramhyx represent a selective action on the part of 
the beetle by which certain sizes or qualities of sal are preferred? 
lA. comparison of the distribution of attack with th3 percentage- 
distribution of trees by diameter classes in the growing-stc^ answers 
this question. 

The most recent estimate of the growing-stock in Thano Working 
Oirde (vide Working-Plan for Dehra Dun, 1928, page 88A) gives 
the following figures for sal:— 


Diameter cImhi. 

8"— 12". j 




V4** and over. 

Ke. of trees • . 

111,286 


24,581 

6,65W 

2,240 

PwMleee e( total . 

58 

m 

12 

a 

1 
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Althougli trees below 8 inches in diameter are omitted from 
the estimate of the growing-stock, while included in the enumerated 
attacks, the correlation is sufficient to show that the attack of 
Hoplocerambyx has been primarily proportional to the composition 
of the growing-stock. A greater number of attacks has occurred on 
'trees of small dimensions because such trees exist in greater numbers. 

More accurate comparifion is obtainable by adc^ting the values 
for 1922-1928 only (%vhen the enumeration of attacked trees was dona 
by 4 girth-classes) as in the statement below:-— 


Percentage of treee in diameter olaeeet. 



8"—19". 

18"—16". 

I 

16"—80". 

S0»-44'’. 

84" and over. 

Growing stook eBtimate of 1928 

53 

81 

18 

B 

1 

Attacked treee 1922<28, average 

56 

88 

11 

B 

1 


Here a very close agreement is revealed. 

This dieans that the beetle in the last few years of the epidemic 
l^as been taking a very evenly-distributed toll of the growing-stook, 
amounting in 1022 to a mean of 1*49 per cent, and in 1928 to a mean 
of 0*98 per cent. 


The figures immediately below show that the deviations from theaa 
means are very slight. 


Diameter-claen 
of growing- 
■tock. 

8"—12". 

18"—16*. 

f 

16"—80". 

20"—84". 

1 84" and over 

Mean 
pereent- 
age. ■ 

Percentage attacke 
in 1982. 

1-45 

; 186 

1*48 

1*70 

1-47 

1*49 

Percentage attacke 
in 1923. 

112 

0-86 

1 

0-83 

1*81 

0-8U 

0*9S 


Hence it is concluded that liability to attach does not depend on 
preferences of the beefie, but primarily on the laws of chance. 

Naqsidh forest.—^T hc distribution of attacked trees in Nagsidh 
Forest m 1921-1922 is as follows:— 


Biameier olaee. 

0"—12". 

1 - 

ir— 18 *. 

18"—84". 

84" and over. 

Percentage of total 

“ i 


18 

8 


These quantities are comparable with iho^ for the eiily years 
of the epidemic in Thano. No estimate of the growing-sto^ in 
Kagsidh by 6^ girth-olossos is available for calculation of the pio* 
portion the number of attacked trees bears to the number of trees 
in the stand. 
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Before one can estimate if anti-pest operations are profitablCi or 
oven justifiable at a loss, it is essential to know the value of the 
\ rrjduce endangered, and of the damage incurred or prevented. In 
the present instance the first essential is a comparison of the values 
of sound sal timber and bored sal timber in Thano forest* Unlortu- 
nately the systems of sale and purchase of timber in the Dehra Dun 
division prevailing during the last ten years do not provide data from 
which the loss due to the attack of Hoploceramhyx spinicomis can 
be calculated with a desirable approach to accuracy. The sale-list 
of an annual coupe states the numbers of trees of sal and of mis¬ 
cellaneous species available with their breast-height girths only. 
The whole coupe is auctioned standing for a lump sum and in late 
Jr ears, on the monopoly-cntw-royalty basis also. It is therefore im¬ 
possible to ascertain the price of sal per cubic foot or per tree soimd 
and bored, or even to compare the prices of sal and of miscellaneous 
timbers. 

To obtain a basis for a rough estimate of the loss due, to the sal- 
borer the control-forms and sale-lists of the division have been 
scrutinised, and from the obvious errors and discrepances the more 
or less reliable data have been extracted. The actual figures are 
given in Appendix I on pp. 39-44 in some cases after correction of 
entries that extraneous evidence shows to be wrong. As a basis for 
comparison the mean price per cubic foot of sal timber in a coupe 
»^»aR been taken on the necessary assumptions, that the purchaser is 
not much influenced by the range in girth of the sal or by the mjs- 
oellnneous species included in the lot. These two factors were, during 
the period under consideration, not markedly variable. 

The volume of stem timber in the round has been ' calculated 
according to the following figures:— 

Volume of sal stem timber, Thano. 


Oiainetor clasg. 


Volame per tree. 


Authority. 




4 


cu ft. 


Tnd. Kor. Rec. 


Over 8*^-12" 


7 


12*'-16' 

16" 2r . 
20’ 

24" ‘ . 


2H 

48 

78 

118 


I Worlting-Plan, Dehra 
?• Hun Foregt Divigion, 
I 1928, p. 6^. 

J 

Ind. For. Ree. 
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For enumerations classified by girth-dasees the following figures 
(obtained graphically) were adapted:— 

Volume of sal aient Umber, Thano, 


Girth class | 

Yoluine per tree. 

Oirlh class. 

Volume |)er triH^ 


r— 2 ' 

4 cu.ft. 

(V-IJ' 

3 rn-ft 

Over 

2'—S' 

6 ' 

Over li'—8' 

5 

N 

4' 

20 

8'-4l' 

26 

*> 

4 '— 6' 

42 

... 

... 


B'—6' 

70 

M 

63 

•f 

6' 

118 

» 6^ 

118 


The following table shows the fluctuation in the annual yalue 
of (1) sound, and (2) inaect-attacked aal timber in Thano forest:— 

Average price of sal per cubic foot standing. 


Tear of sale. 

Sound timber. 

Attacked timber. 

Diffcience per 
cubic foot. 

1912 .... 

Rs. A. V. 

0 0 9 

R«. A. P. 

K«. A p. 

1918 .... 

0 7 10 

... 


1914 «... 

0 6 5 

... 

... 

1916 

0 4 0 

... 

... 

1916 .... 

0 6 1 

... 

... 

1917 . . . . 

0 G 9 

0 8 4 

0 3 6 

1918 . . . . 

0 7 5 

0 2 7 

0 4 hj 

1919 «... 

0 7 6 

0 2 '1 

0 4 7 

1920 • • . . 

0 8 8 

o 

o 

0 8 1 

1921 .... 

0 4 2 

0 0 lO 

0 8 4 

1922 .... 

0 .3 9 

0 1 1 

0 2 8 

1928 .... 

0. 8 10 

0 i 8 

0 2 7 


••“•HU uin» J.vf* Auaii' jwjcni tJJkunpi i lit* ii^urij lUT gOUnfl timbCT 1917 

which is a mean, and sound timber, 1918 which is for a neighbouring forest. ' 

• The Working-Plan, Dehra l>un Division (1928, p, 66) puts the avemge price of Mai 
* timber at 4 annas a cubic foot. ^ 
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Pi. VI., Fig. 3 shows the graphs for the prioes per cubic foot of 
sound and attacked timber and the differences between them. 

It is evident that the price of insect-attacked timber varies from 
the price of sound tiinbc^r by a fairly constant difference, but is 
tending to rise in recent years. The drop in price in 1920 is presum¬ 
ably due to the post-war slump. 

Using these depreciation factors the annual loss may be estimated 
as follows:— 


Approximate annual loss due to the sal-borer. 


Year of sale. 

No. of 
attacked 
trees. 

Volume of 
attacked 
trees. 

- i 

Average loss 
per cubic 
foot. 

Total loss. 

1917 . 

6,772 

Cu.ft. 

178,956 

Bb. a. p. 

0 3 5 

Bb. 

38,214 1 

Bs. 

1918 . 

11,410 

286,288 

0 4 10 

86,483 

■2,68,668 

1919 . 

27,m 

602,221 

0 4 7 

1,4%866 J 

1920 . 

8,855 

I 86,713 

0 3 1 

10,710 " 


1921 . 

6,825 

83,692 

0 3 4 

17,430 


1922 . 

4,411' 

1 

67,402 

0 2 8 

11,233 

■ 62,318 

1923 . 

2,025 

42,981 

0 2 7 

0,989 J 


PI. VI, Fig. 4 shows the graphs of the numbers of attacked trees 
sold and' the loss in rupees per annum from 1917 to 1923- 


In the three years 1917-1919, during which the epidemic spread 
uncontrolled, the total loss to the Government of the United 
Provinces due to depreciation of the timber was Bs. 2,68,562 or 
Be, 89,521 per annum ( = J2s. 17 As. 10 per acre.) 

In the following four years 1920-1928, during which control 
measures wore adopted, the total loss has been reduced to Bs. 52,816 
or Rs. 13,079 per annum, (= Rs. 1 As, 6 per acre in the fourth 
year,)\ 

This result is equivalent to a reduction of 86 per cent,* 
The extent to which this reduction may be assign^ directly to the 
action of the control-measures can be judged in estin\ating the loss 
prevented. 


• A. ofvlcnlation 3 imilar t') tho foreg>in$< but made on the average price of a sal 
tree, aound and attacked, irreRpeotive of its volume, give* an annual loss in the first 
period of Br. 9J,690 per annum, and in the control wriod Rr 15,860 per annum. 

f Later eotr The total loss in the fifth year of attack, 1924, was Bs, 4,463 or 
14 annkt per acre. 
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Comparing the prices per cubic foot of sal timber, sound Comparing the number of attacked trees sold and the 

and attacked, during the years of the epidemic and previously. loss in rupees each year during the periods without 

control measures and with control measures. 









i'Avk VIII.] Bsbson & Chattebjbb: Sal heartwood-borer. 5^3 

xsmun or thz loss pexvxivtxd. 

The outturn of attacked timber in 1917, 1916 and 1910 represents 
the extent of damage done by the bcurer during the attacks of the 
rainy seasons of 1915 to 1918. Tliese attacks occurred unoheeked 
throughout that period and in 1919 also; the extent of the attack 
in 1919 is unknown, as no enumeration was made, but a large pro* 
portion of it was included in the enumeration of the 1920 attack. The 
full attack of 1920 and of subsequent years is also unknown, as the 
marking-rules adopted were designed to give a low yield composed 
of only the most seriously-attacked trees. From 1920 onwards the 
annual yield of bored trees consisiod of part of the current year's 
end part of the previous year’s attack, and the sale of the timber 
took place in the same season ns the marking and felling. Although 
control-measures nre describr'd as having been introduced in the 
season 1920-21, they could actually have no effect in reducing the 
fibundance of the insect until the season 1921-22. The numerical 
strength of the insect in the rains of 1921 is the first incidence 
ibat is affected by the felling-measures. 

The abundance of the borer was theoretically highest in the year 
1920 (when the yield of attacked timber was lowest), and from 1921 
onwards gradually decreased as a result of the cumulative effect of 
the remedial measures. lieference to this apparent paradox has been 
ado on page 14. 

As it is iinpossihli to separuh* the incidence data for 1919 and 
1920, the year 1920-21 has been inelii<l(‘d in the pe^riod uneler control- 
measures, thereby increasing the 8evt»rity of the test applied to their 
efficiency A direct comparison of the three years 1917-1919 with 
the three years 1921-1923 would be more jusi to tlio argument of 
this report 

In order to demonstrate the efficiency of the control measures, 
and to answer the question ‘‘Does it pay?", it is necessary to con¬ 
sider the probabilities of what might have happened had not the 
proposed action been taken. 

For the purposes of comparison, the normal* unchecked course 
t/f the epidemic may be regarded in three phases: — 

(а) a steady increase in the numerical abunfiance M the borer 
at the same rate ns that occurring from 1917 to 1919; 

(б) a maintenance of tlie incidence at the level reached in 1919; 

(c) a steady decrease in the numerical abundance of the borer 
from the level reached^in 1919 to that reached in 1928. 

All these cases are within the bounds of probability from nattiral 
causes, while a fourth nase,—the complete and imme^te cessation 
of the epidemic,—^is improbable on the facts of the actual inddence 
in 1928 
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Case (u).—^The rate of increi^ in the number of trees marked 
from 1917 to 1918 is 1*7 and from 1918 to 1919 2 4; mean 2*05. 
The rate of increase of loss is 2*2 in the first year and 1*7 in the next; 
mean 1*95. If we assume the loss to be nearly doubled each year 
it would exceed thirty lakhs in 1923 and the forest would have been 
seriously depleted. 

Case (b).•^Assuming the number of trees marked annually to 
remain steady for the whole period at the level reached in 1919 tiie 
loss per annum would be us follows:— 


PoBBible annual loss due to the sal-borer. 



Year of sale. 



No. of 
attacked 
trees. 

Volume of 
attacked 
trees. 

Average 
loss WY 
cubic foot. 

Total loss. 

1020 




27,480 

- ou.ft. 
508,221 

As. pies. 
31 

Rs. 

96,782 

1921 

• • • 

. 


27,480 

502,221 

3*4 

1,04,629 

19i2 

. 

. 

. 

27,480 

502,221 

2*8 

83,702 

1023 

• • • 

• 

• 

27,480 

502,221 

27 

81,087 


The total loss for the period would be Bs. 8,66,200; and the loss 
prevented is Bs. 3,13,882. 


Case (c).—Assuming the annual incidence of attack (expressed 
in the number of trees removed per annum) to have declined steadily 
from the level of 1919 to the level of 1923, then the annual loss 
would be as below:— 


Year of sale. 

No. of 
attacked 
trees. 

Total loss. 

Rs. 

IP20 . • . . 

21,266 

92,180 

1021 . . fr . 

15,052 

45,055 

1022 

8,839 

22,509 

102S. 

2,625 

6,039 


NoTK.~-*Hvpothetical number of trees attacked obtuinod by pro^rtional redac- 
Uou from 27,iS0 to 2,625. HypMbetical lots calculated bv propornonal inoreaee of 
actual lots on actual number of ti^ only, volume not considered. 


The total loss^for the period would be Bs. 1,66,688; and the loss 
prevented is therefore lE^. 1,14,865. 
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^ Henoe, under the most unfavourable oonditions for ocmtiol work, 
i.e., $uppo8ing the ovtbreuk has died down naturally, the amount 
saved ts over one lakh oj rupees. Moreover, the control-measures 
have not been carried out at departmental expense; on the contrary 
the Government of the United Provinces realised Ks. 12,780 as the 
sale value of the attacked timber standing in the forest. The profit 
on the operations is, therefore, not less than Rs. 1,27,145 and lies 
between that minimum and three lalhs,* or say ten rupees per acre 
per annum. 


The foregoing discussion shows, wo hapo, that it pn\R to adopt 
remedial measures on a largt' scale figainst tin* heart wood-borer of 
whenever on epidemic occurs, and even whcai it is optimistically 
believed, that nature will bring about the same rt‘Siilt. That it also 
pays to follow the same policy for minor outbreaks is illustrated h\ 
the operations in the neighbouring forest of Nagsidh 


THE OOKTROL 07 THE SAL BOBER IN NAGSIDH 
FOREST. 

In Nagsidh sal forest, which is some five miles frt)m the Thano 
block and is separuUnl by the broad bod of the Song River, trees 
attacked by Hophrrramhux spinicornm \^ere first noticed in Novem¬ 
ber, 1920. In January, 1921, the attack was r(‘ported as serious, 
and, on enumeration by the Forest Entomologist, some 50 trees wen* 
located in coupe 17 and a few more in coupe 18,—sufficient to advise 
the adoption of remedial measures. 

In November, 1921, i.e , after the 1920 beetles had emerged, 
the forest was enumerated bv the division, and 785 freshly attacked 
sal trees were marked, felled, and removed from coupes 9, 17 and 
18. They were sold at a flat rate of Re. 1 per tree. 

In December, 1922, similar operations yielded 24 trees in coupe 9, 
which were sold to a contractor for Rs. 50, i c., Rs. 2 per tree. 

In 192S only 2 freshly attacked trees could bo found in coupe 9; 
these were sold for Rs. 7, t.o., Rs. 3-8-0 jkt tree, and removed at once. 


*The fnctfirs controlling tlic natiual abiinduncc of IToploceramhyx tpinicorni* 
will be diwnsBfd in nnether jjapr. H bfs bren diwM»\(‘nd thnt minfnll obove 
tbe normal anntinl ainoani ih a faclor favouisible lo the iacrense fd tbe borer; and an 
the rainn from 102t) f»iiW{o*dn ba^e b<iJi nb >>e tbe a'irngc it in ) robs bio that 
condition* have been fmounjble f<»r Uie bf*r<i. Ibnet* on IIoh evidence alone 1bt» 
Ipfis prevented i« probably near Ibe higher figure. See also page 11 and diiitTibaiioo 
maps. 
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The following tilble shows Uie losses incumd by borer>attaek 
in Nagsidh:— 


Tear 

of 

sale. 

1 

No. of 
trees 
attacked. 

1 

Volume of 
trees 

attacked, j 

Price of 
sound sal 
timber 
per cubic ' 
foot. 1 

Price of 
insect 
attacked 

sal 

timber. 

Loss 

per cubic 
foot 

Total loss. 



C.ft. 

1 As. pies. ^ 

As. pies. 

As. pies. 

Bs. 

1921, 

785 

21,623 



8 

2 2 

2,928 

1922. 

24 

677 

1 

2 0 

1 

4 

0 8 

24 

1923. 

2 

148 

3 5 

0 

9 

2 8 

24 


Notb.— The price of sound timber is based on lump sum and on royalty sales 
of timber from numerous coupes in the neighbouring blocks. 


The control measures have thus been satisfactorily carried out 
through the agency of contractors at no extra cost to the Province, 
which realised a profit of Bs. 842 on the sale of the trees. 

^'he argument as to the loss prevented by the measures used 
in Thano applies equally to this case. 


Tsx ooimtoii HiAstntxs. 

To understand the principles on which control measures are based 
an outline of the life-cycle is necessary. 

The Life-Cycle in the Dehra Dun District .—^The beetles of 
HoploQerambyx Bpinicornie are on the wing from the end of June 
until the end of September. Eggs arc laid diuring this period and 
the larvce tunnel in the sap wood of the tree throughout the rains. 

* With the approach of the cold weather they bore into the heartwood 
and prepare each a pupal chamber in which the mature larva hiber¬ 
nates. Pupation occurs in spring and the pupal stage lasts for two 
or three weeks. The immature beetles remain in the pupal chambers 
until the onset of the rains in June when emergence commences. 
The generation is thus annual, but the greater part of the damage 
to the timber m done in the course of a few months bef<m the 
cold weather. 

The Control msosuret.—-The oontrol of the pest is effected by 
what are logically entirely preventive measures, since there is no 
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remedy for timber that has been damaged or for a tree that has 
been fatally attacked. For practical purposes one may c'msiader (1) 
as Preventive meaeuree those of which the object is the maintenance 
of the damage to felled timber and standing trees at a tolerable 
degree; and (2) as Remedial measures those of which the object in the 
reduction of abnormal or epidemic damage down to the toli*ritblo 
degree. The preventive measures should be applied regularly as 
part of the normal system of mant^gement of the fewrest, wht'reas 
the remedial measures arc required for exceptional car .abnormal 
conditions. It is self-evident that good silviculture is a •preliminary 
tc‘ control measures and that clean util sation should follow. 


Preventive measures. 

1. Removal of the bark of all timber logs that remain on the folling- 
area or in depots within or near the forest during the rains following 
the felling. The latest safe date for the removal of bark coincides 
w’th that of the commencement of the monsoon ruins. 

2. Removal of the bark of all brunch-w^orxl, butts, forks, etc , 
constituting felling-refuse down to 8 inches diameter, as soon ns 
possible after felling. 

The use of trap-trees (a) and the adoption of girdling (instead 
of felling coupes) (b) are alternative preventive measures, but no 
investigations have been made as to their relative cost compired 
with those of 1 and 2. 

Note. The necessity for preventive measures depends on the liability of the 
locality to permanent nnnual damage, whieh will vary within the limits of a diviMon, 
It is obvious that the reputation of coupes or smaller units of aren should bo 
ascertained and the endemic loci or breeding centit B of the borer should he located 
before the necessity for prevention is accepted over the whole diyisi >n. The special 
surveys that ace suggested on |>ago M6 shoula provide the required information. 


Remedial measures. 

1. Early detection of attacks on small groups or isolated trees. 

2. Enumeration of attacked tret^s at the close of the rains pre¬ 
ferably in December (in Dehra Dun). 

8. Felling and removal from the forest of all parts of the tree 
down to S inches diameter before the commencement of the rains of 
the following calendar year. 

* 4. Removal of all pa^ of the tree down to 5 inches diameter in 
years of exceptionally high rainfall. 

C ] 
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6. (i) Trees to be removed have the following charaoteristioB:— 
(a) Dead or dying trees with the foliage fallen or turning brown. 
{b) Trees with green foliage and an abundant ejection of wood- 
dust (vide plate VII, figs. 1—5).* 

(ii) Trees to be left in the forest have the following characteris¬ 
tics:— 

(c) Trees with green foliage and an appreciable outflow of 
resin or dammar. 

(d) Trees with green foliage and a small ejection of wood-dust, 
i.e.y not forming a definite heap at the base of the tree.* 

(iii) Trees to be removed or left nt discr(‘lion are: — 

(e) Trees more than twelve months dead, i.e., with dry or 
fallen bark and rotting sapwood. 

6. Bepetition of the operations in subsequent years in all areas 
where the infestation is greater than one per cent, of the growing 
stock (or alternately one tree per acre). 

THX TXLLINa 07 TRAP THUS AS A CONTROL HXASTTRS. 

, A well-known principle in the control of bark-breeding insc'cts 
exists in the felling of living trees at an appropriate period to act 
as traps. The insects concentrate their efforts on the more fayotir- 
ablo material provided in the freshly-felled trees and neglect the 

standing crop that it is desired to protect. Before the development 

of the borers is completed the trap-trees are destroyed or removed. 

The Chief Conservator of the United Provinces advocated this method 
in 1918, on the assumption that the standing attacked trees of 
the season 1917-18 contained a sufficiently large proportion of weakly 
infested trees to provide breeding-material for the whole population 
of beetles. As mentioned on page 5 the senior author suggested 

that the results would not be satisfactory, as the actual rate of 
increase of the beetle was greater than that corresponding to the 
available breeding-material; but this advice was disregarded. 

♦The photographs on plate VTI show heavily attacked titles with an abundant 
ejection of wo^-dust. Tn cases of less severe nttack the amount of wood-dust 
jnsy not amount tt» more than a few handfuls; such trees should be felled if the 
*duRt is accumulated in one sp>t in a heap, nr rejected if the dust is scattered. 
A sharp line of definition cannot be drawn between cases and (tf). Our check 
surveys show that in prectioe the error due to faultv selection is not serious. 
The errors due to careless enumemtion are grt-nfer. The subsequent' checks on 
the annual enumerations showed the following deficiencies :— 

(а) Trees that should have been selected hut were omitted—in 1918 4 per 
cent.; in 1920 110 per cent.; in 1921 37 percent,; in 1922 9 per cent.; 
in 19^ 24 per cent. 

(б) Trees that should have been removed by ontract jrs but woiv abandoned— 
in 1919 7 per cent ; in 1921 16 per c'lit. ; in 1922 7 pei cent; in 1923 
8 per cent 

These errorl were not rectified but nevertheless the pest was successfully 
controlled. 
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Sample plota .— In 1918 seven ooinpurtmenis wore selected for 
maintenance as permanent sample plots, having a total area of 506 
acres, vie.: 


Compartment ^ 

No. 

Area acres. | 

Compai'tment 

No. 

Aiva actes. 

11 

60 

1 

2i 

76 

14 

65 ^ 

1 

26 

71 

22 

80 

28 

64 

28 

88 

ToUd 

606 


Later it transpired that tlie area selected wae one of low incidence, 
but it is probable that the conditions observed occur proportionately 
in areas of high incidence. 

The proportion of aitacked trees that are re*attacked. 

1918 : In October-November, 1918, conipartnientg 11 find 22 were 
plane-table surveyed, and all standing attacked treiw (cla^'Sified as 
slight, moderate and heavily uttaekecl) together with the stumps of 
the felled trees of previous gears’ attacks were mapped. In March, 
1919, and again in Augiisi-Septeniber, 1919, the two areas were 
io-survc\od; the freshly infested trees were added to the map, apd 
the re-attacked stumps were enumerated. The le-attncks discovered 
on the stumps w(*re taken as cvidcmcc of re-attack on the mark(*d 
trees while standing, as between the two surveys these tries were 
felled and exported. 

The distribution of the attack of the 1919 beetles (e) on pro 
viously attacked trees ns repri'senti'd by stumps, and (h) on trees 
hitherto unattached is given below — 


Proportion of trees re-attacked in 1918. 



TbEBS K'KKIID as attackfpik 

Rtumps rovsD to 
snow «r-AiTA(K. 

Compart¬ 
ment No. 

1917. 

1018. 

In 1918. 

11 

266 (including 87 trees damaged 
by pluvious fellings . 

1004 

100 

22 

146 (including 16 tiees damaged by 
previous fellings\ 

92 

85 
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Thus tile percentage of trees showing re-attaok was 88 in com¬ 
partment 11, and 24 in compartment 22; and the proportion of 
attacks on new trees to the total attack was in the first plot 88 per 
cent., and in the second 72 per cent. 

From which it may be concluded that the* trees felled and left 
to act as traps did not absorb more than 17—^28 per cent, of the 
next year’s attack. 

1919 : In order to obtain more accurate information as to the 
extent that felled trees can act as traps, observations were made 
over the whole 506 acres in the following year. In the sample plot 
area the following operations were carried out:— 

1. All the trees of the attack of 1918-19 were feUed in the 

cold weather and left in the forest, until the spring of 1920. 

2. In compartments 14 and 23 all the heavily attacked trees 

were felled and removed from the forest in April-May 1919 

8. From compartments 24 and 25 the heavily attacked trees 
were removed only partially in May 1919 (owing to failure 
of the labour-supply). 

4. From compartments 11, 22 and 26 none of the heavily attack¬ 
ed trees were removed in 1919 (but a few were felled and 
logged). 

. 6. All compartments were specially enumerated in October, 
1918, March, August, September, 1919 and September 1920. 

The results of these operations are compared in the following 
table: — 


Proportion of trees re^ittached in 1919 and 1920. 


Compartment 

group. 

Number of trees 
sligbtly or 
moderately 
attacked in 
October. 1918, 

1 , 

1 Number of 
ti*ee8 re-attacked 
in September, 
)U19. 

Number of 
trees re-attneked 
in September, 
1920. 

Treatment of 
heavily 
attack^ 
tre^^H in 
1918-19. 

11,88.20 

1201 

106 (f-3 %) ' 

4 |87?t) 

None removed. 


ISO 

6 iS-1 %) 1 

1 


Partially re¬ 
moved 

14,28 

71) 

i 

... 

Wholly re¬ 
move. 


The experiment thus demonstrated that the proportion of felled 
or standing attacked trees, that is re-attacked in subsequent years, is 
small enough to be negligible as a factor in checking the increase of 
the beetle. It ^also detnonsitrated that the complete removal of 
heavily attacked trees prevents re attacks entirely, 
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Occurrence of re-attacks under natural conditions. 

Until the season of 1919 it had been assumed that a green stand¬ 
ing aal tree attacked by Hoplocerambyx was either killed outright 
in one season, or else survived the initial onslaught by drowning out all 
the Hoplocerambyx larvae,—or at any rate a large proportion of them. 

In 1919-1920 analyses of attacked trees were made by the junior 
author to determine the extent to which trees escaping death in the 
lirst attack were liable to be re-attacked in subsequent years. The 
trees were eiwh cut into short billets, which were split and workt'd 
ujp with axe and chisel, so that each pupal cell was locat<*d and 
dated. Thirty trees were analysed, one of which has been rejected 
in the data given below. 

Slightly atlackcd trees .—Kleven trees, out of the thirty, ranging 
in girth from 1 ft. 4 ins. to 3 ft. 5 ins. were felled and nniilyst'd in 
October, 1919, and April, May, 1920. These trees had been clus- 
* sified as ‘‘slightly attacked’' in 1018, and had not died subsequently. 
Each tree showed the larval work of 1918, that ha<l failed in its 
early stages owing to the reaction of the tree- There were no sub* 
sequent attacks in 1919. 

Heavily and moderately attacked trees .—^Nineteen trees ranging 
in girth from 1 ft. 11 ins. to 4 ft. 7 ins. that had been classified on 
enumeration as ‘moderate', ‘heavy* or ‘dry* were analysed at various 
dates. The age and distribution of the attack on each tree is given 
in the tables below. 


Eight of the trees showed attack in one year only, the attack being 
fatal— 


Girth of 

Nature of attack 

Date of 

N’o. OP PUPAL CHAMBERS IKPICAT- 
IKG ATTACK IN TEAR 

tree. 

obeeiTed 1918. 

analysea. 

1817. 

1918. 

1919. 

ft. itii. 






Ill 

Diy . 

October 1919 

87 

... 


8*7 

Heavy 

» 


128 


4*7 

,, .r , 

December 1<*19 

... 

86 


4*0 

Dry . 



14, 


8*5 

Heavy 

•• 


41 


8*2 

Pry 

April 1920 

... 

81 


8*7 

Heavy 

December 1919 

... 

29 


4*7 

1 

Dry . 

n 


25 

1 
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The remainiiig ten trees gave evidence of having been attack^ 
2 or 8 years running. In the table below the intensity of attack is 
i*xpres8ed by the percentage of the total number of complete pupal 
chambers per tree assigned to eadi year« 


Girth of 
tree. 

Naini'e of 
nttark 

1 ob*erv( d in 
1918. 

1 

1)ate of 1 

analyse*. | 

1 

1 

Total No 
of pupal 
chambers 

PliECtyTAGE OP PUPil 

Clf \MBEBS INDICATIBO ATTACK 
IK YKAB 

1917. 

1918. 

1919. 

ft. in* 







2C 

Moderate 

April 1920 . 

7 


86 

14 

40 

I>ry. 

1 

$$ • 

204 

70 

26 

4 

4-3 

1 Heavy | 

September 1919, 

217 

58 

41 

1 

2 1 

' l>rv . 

October 1919. 

1 96 

1 

' 57 

43 


3-5 

[ Heavy 

September 1919 

147 

51 

46 

3 

3*8 

1 Modemto 

j 

Maivh 1919 

25 

40 

60 


3 0 

1 

1 Hc^vy j 

October 1919 

63 

;k) 

68 

2 

3d0 

1 .. 

March 1919 

)53 

21 

79 * 

.• 

2-10 

t ». 

1 

October 1919 

32 

16 

S4 

... 

4-7 

1 

{ »» 

! 

DeceinhfH 1919 

94 


3 

97 


In moHt of the oases recorded in the above table the heavy 
primary attack, that killed the tree, left portions of the bark untravers¬ 
ed by larval galleri»*H in sufticit'iil amount to 8u;i)port numerous indi¬ 
viduals in the following year. Taking the eight trees attacked in 1917, 
it is found that tliey supported 464 individuals in 1917 and 455 indi¬ 
viduals in 1918. (In boi^ cases no account is taken of individual larvae 
that failed to roach maturity and prepare a closed pupal chamber. 
A tree may be heavily atta<ked and nevertheless reveal on analysis 
very few pupal chambeni, if the majority of the larvas is killed off 
before maturity by parasites, disease, etc.). 

If the rate of increase of the beetle were unity and the proportion 
of slightly attacked trees in the enumeration were not less than half, 
then the felling of the whole yield should theoretically supply suffi¬ 
cient breeding-material to accommodate the whole of the emerging 
beetles. 


The failure of this method of control, in practice, seems to us 
to be due to two main causes, (a) the rate of increase of the beetle 
was about z 2; and (b) the trees were felled in the course of the cold 
weather, so that 'by J uly they bad dried out and lost their attrac- 

tivsness. 
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THi BVuriNtr OT nxiXiZira a ooimoL 

KXASUES. 

Tbe'timdamental prnczpie of the control meaBuroe for Hoplo- 
ceramhyic Bpinioomia is the remoTal of fellin^refuse at the close of 
fellihg-aperaticms before the emez^moe of Ihe beetles* If the removal 
of breeding-material cannot be effected by enfmomg- the relevant 
clauses in the purchasers’ agreements, the binning of same by the 
departmental ngenoy is necessitated. But the remedy may be worse 
than the disease, if the burning is not carried out cautiously. The 
injurious results of careless burning are illustrated by the experiment 
of 1921 in compartments 54 to 58, in which the standing trees were 
so severely damaged, that they succumbed more easily to the attacks 
rf the borer in the following season. The burned area apparently 
acted as a centre of attraction to the swarming beetles, so that 
the infestation of the surrounding forest was also increased, though 
much less heavily. 

The attack per acre for the years 1920-1928 in compartments 54-58, 
covering an area of 280 acres, is compared below with the attack in 
compartments 38-40, 46, 51-58, 59, 68-66, which form a zone of 686 
acres immediately surrounding them. 



Area 

Avkhaor 

KITXBBR OF iTTACERD 
ACRE IN TEARS • 

TBEES PEB 

CcmipsriiMDts. 

in 

atres 

1920. 

1921. 

1922. 

*"1923. 

D4, 55, 56, 57, 58 

280 

2-5 

6-66 

3-38 

100 

38, 39, 40, 46, 51, 52, 
63. 59, 63, 64, 66, 
66. 

636 

1'93 

2 28 

104 

0*72 


The burning ' of felling-debris ordinarily cannot be attempted 
until extraction \^ork has ceased in the coupe, i e., until April or 
May,*.when.a ground-fire is likely to be destructive to the standing 
crop. * It is however unnecessary to bum small branch-wood below 
4' diameter, ^ips, slabs and bark. The important hreeding-materirl 
is in. the form of .branch and stem-wood well over 4*^ in dianseter, a.g , 
forked picKses, hutt-ands, hollow or curved loga^^etc^/ rejected by the 
timheiseontrsctor. These should ^ be removed «to an open specie 
8 uch.M 4 aMa 2 y milluh, road, or blank, and thera^staoked^at^ seorebed 
with a light brushwood-fire. It is evidently a wise insurance to incur 
the cost d collecting and dumping felling-refuse fronr areas, where 
an unooiitndlad ^ will'cause greater loss.* ^ 
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TBB JJnmAL L08B m ®hb sal iobbbii cw jmdua. 

Fourtaen years ago the total aimual outturn o£ 
all aouroea in India (including Nepal) was estimated at 8,m561 
cubic feet* or 180,484 tons (Pearson, 1918, Ind. For- Mem. W, n)- 
We haTe been unable to secure figures showing the present day 
outturn o£ $al from every one of Government foreste, native st^ieSt 
semindari and private lands, but from the data available it is evident 
that there has been an appreciable increase. The following statement 
compares the outturn for the >ear 1910-11 with the average of the 
annual outturn of the period 1919-20 to 1928-24. 


The total annual outturn of sal. 


Depart Qtent. 


Outturn for 

cn.ft. 

Average annual outturn 
for 1919-20 to 1923- 
24. 
cu.ft. 

United Provinces . 

0 


3,617.145 

4,428,800 

Bengal .... 


1,252.499 

937,708 

Bihar and Orissa 


694,400 

1.395,109 

Assam .... 


5H720 

• 641,358 

Central Provinces . 


. 196,132 

1,150.469 

Madras .... 


61,539 

947,000 

Punjab . . . • 


1,301 

P 

Orissa Feudatory States (22) • 


966,764 

23,778 

Central Provinces States . 


50,000 

188,478 

Mechpara Estate, Bengal 


337.647 

308.526 


Applying this rate of increase the total annual outturn of eal timber 
from all sources at the present time may be placed at about 12,000,000 
cubic feet (or 245,000 tons), of which Government forests produce 
not loss than 9,500,000 cubic feet. 

Of this outturn part is “dry" timber. The proportion of dry 
timber in a forest may be taken as an index of conditions which 
favour the incidence of boring Insects and the production of borer- 
damaged timber. Various causes bting about the death of $al trees, 
but very few of them preclude attack by borers afterwards. In moist 
forests nearly every dead lar^ is attacked by Hoploceramhyx, while 
In drier localities desiooatloii of the bark may be so rapid that the 

• 1 * a diiierepiiciy is the atatemeiit of page 70 of the Memoir eited 

the Bgoret for Mechpara Betete ghres on page 61 differ trcSa those on page 70 l Ap- 
plyisg the former the total cmttam of so/ iB^iaiO-ll should he ^846^i7?cmft. 
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timber more often esei^>e8. Local variation in olimatio oonditiims 
^from year to year causes fluctuations in tiie neverity of dying-oS 
and of borer-attack; in forests in which Hoplocerambyx is endemic, 
the incidence of borer-attack rarely drops below 1 per cent, of the 
growing-stock, and may rise to over 30 per cent, without attracting the 
notice of the divisional forest o£5c6r (as ^he analysis of any related 
series of annual yields will show). 

Fourteen years ago about 8,000,000 cubic feet, or 47 per cent, 
of sal timber extracted from Government forests was classed as dry. 
At the present time the records of dry timber are maintained very 
irregularly and all provinces cannot supply actual figures for the 
proportion of dry wood in the total yield of the last five years. From 
many sources no information is available. Below is gi\6n a com¬ 
parison of the percentage of dry sat in the total yield of 1910-11 
with that of the average yield of 1919-20 to 1928-24. 


The proportion of dry sal in the total outturn. 


Department. 

Peroftitage 
of dry 
»al in 
yield of 
*1910-11 
(atitual 
returns). 

Department. 

Average annual 
percentage of dry »al 
in yield of 19ld'20 
to 1923-24 

Utiited Pro\inre8 

51 

United Pr>vinres 
Westein Ciri*le . 
Eastein Circle 

5 

4 

/ KHtiiiialfd by 
; K. 

Bengal 

60 

Dariceling . 
Kalimpong . 
Kurseong 

Buxa . 

Jalpaiguri 

1 

6 

30 

83 

88 

1 

Actuals. 

1 

J 

Madras 

Bihar and Orissa 

85 

20 

Ganjam 

Bihar and Orissa . 

3 

17 

Estimated by 
D. F. 0. 

Actuals* 



Orissa Feudatory 
States (22). 

81 

Actuals. 



C. P. Feudatory 
States. 

Raigarh 

Sarangarh | 

0*2 

10 

1 0 ^ ualt. 

Esti limited. 



Mechpara Estate 

' i 

4A 

Aotnals. 

All Oovamment forests 

47 

1 


. 


These figures suggest that the outturn of dry wood nowadays 
is much less than it was in 1911- Theire is, however, an unknown 
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but larga*qttaiitity o£ dry aud <borer-damaged wood, that is aitbsr not 
rsinoved at all or is not distinguished in the annual sale lists and 
control lorms. Thano ifoarest itselS affords an illustratlan o£ the 
i amount of diorer^datnaged timber that may be olassiffed as green. 
Aoooadmig ts the pMurinciai^estiinate the outturn of dry sal tiipber 
from the whole of the Western Circle, United Provinoes, for the 
period 1919*20 to 1928-24 is 494,800 cubic feet (or 5 per cent, of the 
total outturn). The yield of attacked timber from Thano alone in 
the years 1919*28 amounts to 788,009 cubic feet (or 8 per cent, of 
the toted outturn for the ciicle) of which, however, 86 per cent, 
was dassiiicd us '‘green**. In illustration of the local variation of 
the percentage of tal classed as dry, the 22 Feudatory States of Orissa 
may be cited. On the average of the last five years there is a range 
of 0*4 per cent, to 88 per cent. 

In taking “dry" sal timber as an index of the prevalence of 
Hoploceramhyx attack, it is probable that in most cases the import¬ 
ance of the pest will be under-estimated. Nevertheless there is 
sufficient indication that the arbitrary tax of 10 per cent., usually 
applied in assessing recuwent annual damage by insects, is not 
excessive. The 10 per cent, ratio may be safely adopted in establish¬ 
ing the economic importance of Hoploceramhyx spinioomie. 

The quantity of sal timber, converted and in the roimd, from all 
sources in India, that is damaged each year by the heart-wood borer 
nmy therefore be placed at over 1,200,000 cubic feet of which 950,000 
cubic feet is pnxfuoed in Government forests. At an average 
depreciation of 4 annas per cubic foot* the annual loss on sal Umber 
extracted from State forests amounts to Rs 2,37,600. This estimate 
leaves out of consideration the total loss on trees so severely damaged 
that their extraction is unpiofitable- 

PREVENTION op the AKNTJAL liOBS 

The annual loss of dry timber and unextracted timber is prevent¬ 
able; and the measures for its prevention exist in the preson'ptioni 
of wnrkjDi.-plans, that atithorise dry wood or unregulated* fePings. 
A., new instituted such fellings, like other 6JD>ilar silvicultural opera¬ 
tions, have no value as protective measures because (a) the intervals 
at which they recur are too long, and (b) the felling or extraction 
of the select^ trees does not take place tintil the season following 
the maiking. 

Protection may be assured by the adoption of the following 
principles :—Sal forests, which remain unworked for more than five 
3 ears, should be surveyed in the autumn or winter for dead and 
insect-attacked trees which should be cut out and removed before the 

•Ths figtirpR obtshj^ for Thano for the 'depreciation in the value d* etandinff 
atvapfAMIsdifaaH of <iilier dai^ 
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following rains. Fellings should continue in the following and sub¬ 
sequent years in those jeea htwwi gwhere the infestataon is higher than 
one per cent, of the growing-stock (or alternatively one tree per acre) 

Except in unusually remote forests these operations should pay 
for themselves and at their commencement a considerable revenue 
should accrue from the accumulated “dry** trees of the rest period 
The 'tnain-oi^ect of subsidiary* fellings of this nature is the reduction 
o^ the^ proportion of borer-damaged tiimber in the regular coupes and 
the consequent improvement an the reputation of the forest 

At the moderate estimate of a 10 per cent, depreciat on the sal 
forests of the United Provinces (with an outturn of 4,r)(K),000 cubic 
feet), might be expected to yield an increased revenue of Rs 1,12,500 
*or nearly two mas periacre per annum. 

For forests euoh as those of Bengal or Biliar^and Ocissa with a 
present high depnoiation percentage an merensed revenue of 
Rs. 70,000 IS to be anticipated. 

It should be mdent, that it is^ Worth while ^recording the pro- 
poetion ci dry wood in tha annual ^sanpes in all sal forests, and that 
in vnnany »draeiona<^ thc^ inetiiutioii ol<*ehoriieyole' protective fellings 
would be'piwAtable. 


Lat^ Note. 

While oorreeting the proofs tha figures for the attack of 1924 have 
been collected. The total number of trees attacked in the Thano 
forest, oompariments 1-76. was 1,488, having a volume of 82,960 
eubio feet. The timber was sold for Rs. 8,797. The sale price of 
attacked sal was as 1 pies 10 per cubic toot (or 7 pies higher than in 
the previous year). The total loss incurred was Rs. 4,468 or 14 annas 
per acre. 

In only 5 compartments out of 70 was the attach higher than one 
tree per acre; the average for the whole forest being 0*28 trees per 
acre. This represents an incidence that would of necessity be regarded 
as a tolerable degree of loss in most sal forests. 
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BUMKAHT. 

In 1916 an epidemic outbreak of Hoploeerambyx spinicorntB was 
discovered in the forests of Shorea rohuata in Dehra Dun Division, 
United Provinces. The affected area extended over kieorly eight 
square miles of forest. Trees of all sizes and ages were attacked 
and killed, but the distribution of the attack was closely in direct 
proportion to the constitution of the growing-stock. The epidemic 
ran on unchecked for four years and during that period the timber 
damaged by the borer amounted to nearly a million cubic feet 
(45,602 trees) representing a loss^f Bs* 2,68,500. 

Control measures were adopted in the working season 1920-21 and 
have been applied annually since then. During the four years of 
the period imder control measures the total quantify of timber damaged 
has been 280,788 cubic feet (16,716 trees) representing a loss of 
Hh. 52,318. The average annual loss has been reduced from 
lie. 89,521 per annum to Bs. 6,939 in the fourth year. The epidemic 
has been successfully fought as the incidence of attack has been 
reduced to less than one per cent, of the growing-stock. It is 
estimated that the loss prevented lies between one and four lakhs. 

The origin of the epidemic is discussed and fellings, frost, and 
the health of the forest are rejected as possible contributory causes. 
It is considered that a series of years of abnormally high rainfall 
is the main predi 8 [) 08 ing cause. Maps have been prepared showing 
the topographical distribution of the attack and its intensity year 
by yt'sr, which reveal an extension of the borer-infested territory 
coincident with rainfall above the average, even in the period during 
which tli(» control measures operated. 

An estimate is attempted of the economic importance of the aaJ 
borer in other parts of India. Based on records of the proportion 
of dry timber in the total outturn it is considered that ait least 
l,200,(K)0 cubic feet of aal timber is damaged annually in India. 
This represents a loss in Government forests alone of over two and 
a third lakhs of rupees. 

Control measures are described for use as remedies against 
epidemic outbreaks, and for regular application in the prevention of 
excessive annual damage. In principle these measures are applicable 
throughout the aal habitat, but require simple inexpensive local 
experiments to adjust them accurately to the vaa^d climatic 
conditions of different forest divisions. 

-.r detailed etimmary has beea published in the Indian ForeHer, 

Vol. L (1921), pp 616-524. ' 
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TMt ik<npi*$ total number of Hoplooerambyx spinicoriiis attacked 
gal troeo {all ilamt) marked t» 'IKano Fomts, Bekra Ban Bin- 
n<Ai, W. Circle, United Provincei, during the yean J91G19SS. 
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Table thowi*§ the total namher o/'Hc^locerambyx 8piniconiiB~concld. 
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PREFACE. 

Mr. Baitt has for many yccars b('en working to find out an efficient 
method of dealing with banihoo for pajx'r making, and thirt record 
briefly summarises the si age at which his investigations liave arrived. 
There were many difficulties to bt‘ overcome, the most important of 
which were (i) to evolve a method of pulping bamboos so that the 
peAentagi* of bleach required was reduced within economic limits, (ii) 
the reduction in quantity of caustic soda required to rc'diice the raw 
material to pulp and (iii) the preparation of the raw material to a lit 
state for digestion. 

Up to 1923, Mr. llaitt had at his disposal, first in his private 
laboratory, later at tlie Allahabad Exposition of 1910, and finally at 
tlio Forest Besearch Institute', only laborator} plant, but by 1919 his 
experiments had reaclu'd a stage ^\hen sufficient evidence was nvailnbh* 
to show that the process he had evolved, which he terms “ Fractional 
Digestion promised to solve the problems above on urn era ted. Hueh 
data, obtaim'd in the laboratory, w^as obviously insufficient to satisfy 
papermak('rs and (*iu*ourag<‘ them to adopt tla' proc(‘SS on a eo)n- 
mercial scale, at the same time no firm of papennaleers, could bo 
expected to afford the time' or mone\ nocessarv to verih his luborat.ory 
results. 

In 1919-1920, far-reaching schemes w'ere being considered to 
extend the laboratories and w7)rkshops of the Economie Draiich of 
the Forest Besearch Institute, and so struck w'cre th(‘ authorities wHth 
the work Mr. Bait! had carried out on the bamboo pulp investigation, 
during the years he had worked for this Institute, and its probable 
eventual effict on bamboo exploitation, that it w^as dc'cided to give 
him an opportunity to prove his lahoratorv results on a large-sizt'd 
experimental plant in which comm(Tcial conditions w'oiild prevail, the 
total cost of which amounted to ^^12,500, when erect(*d at Dehra 
Dun. 

Mr. Baitt has now had the plafit which h(‘ describes in this Beeord 
working for about a year, and has tested in it several species of bamboo, 
and also carried out extensive tests with ftahai grass (Inrhoimum 
anquBiifolnu}i). The results obtained not only e/)nfirm his laboratory 



work but actually give better results than were anticipated. I have 
personally carefully watched the various tests carried out and the 
results obtained, which not only mean a revolution in the methods of 
dealing with grasses of the aabai type, but at onfc bring the utilisa¬ 
tion of bamboo for paper pulp on to an absolutely sound foundation. 
The above assertions are corroborated by the fact that the large paper 
mills of India are now adapting thoir plants to the * Fractional Diges¬ 
tion * system. 

It gives me the greatest pleasure to be able to state these facts^ as 
I have had the opportunity of watching Mr. Eaitt gradually evolve 
and improve his process and have been fortunate enough to have been 
associated with him in this bamboo enquiry for many years. 

BALPH. S. PEABSON, I.F.S., C.l.E , 
Forest Economist^ Forest Research Institute, 

Dehra Dun. 
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iThia publibation is printed on bamboo p€tper made at the Paper Pvtp Plant 
of the Forest Rt'^earch institute. The bamboo teas digested fractionaily 
Ifi'Q per cent, of causUr soda and bleached wtth S per cent, siandard 
bleaching ^tou'der on tuw bamboo. Bleached yield, SO per cent.] 
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Summary of Investigations on Bamboos and Grasses 
for Paper Pulp. 

BV 

W. KAITT, F.c s , M I. criEM. e. 


llie Paper Pulp Plant at the Forest Research Institute. 

1. This plant has now Ix'on at worl long enough to permit some 
acesount of its activities to be published. Its purpose is to experiment, 
by factory rnelbods, with plant niuterials of Indian forests and waste 
lands for which no use* has hitherto been found, but which may have 
possibilities as sources of pupennaking fibre stock. Government is, by 
means of this plant, undertaking risks which the pioneer industrialist 
but too often conies to grief upon, and the results, whether positive 
or negative, are of equal value to him. For this purpose it is not 
necessary to conduct experiments upon a full commercial scale. So 
long as the plant is large enough to compel commercial methods as 
distinct from laboratory methods, which although a necessary preli¬ 
minary to large-scale action are not always convincing to the oom- 
mercial mind, the results will be exactly comparable to efforts on a 
scale ten times greater. 

2. The plant is on a scale of what a paperm^er would describe as 
a “ 85 inch'Fourdrinier and consists essentially of a pair of digesters 
fitted for either Fractional or Overhead digestion with a Fourdrinier 
pulp and papermaking machine carrying a wire 85^ wide, and the 
auxiliary plant required for beating, washing and preparing raw 
material for digestion. It was constructed by Messrs. James Bertram 
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and Son, Lid., Edinburgh, and erected by the Institute staff and is 
capable of dealing with 20 tons of raw material per week. A boiler, 
common to all the steam using plants of the Institute, supplies driving 
and digestion steam. 

3. An important feature of the plant is the adoption of what has 
coiruj to be toown as " fractional digestion '' and, to understand it, a 
brief account of the laboratory investigation and discoveries which led 
up to it is necessary. The laboratory work had already established the 
fact that the principal field of the Institute's efforts must lie in certain 
groups of Gramincce, notably bamboos, Savannah grasses and grasses 
producing annual culms, of which sabcui (Ischoimum anguaiifolium) 
is a type. It is true that woods, spruce and fir, similar to those so 
largely used for papermaking in Europe and North America, exist 
in immense quantities in the Himalayas but generally under conditions 
which raise transport costs to a prohibitive figure, and their increasing 
value for constructional and railway purposes places them beyond the 
papcrmakcr’s reach. Such Qramineoe contain a very large proportion, 
fully a third of the whole, of starch and pectin constituents and in 
this fact lies the peculiar value of the fractional method for dealing 
with plants of this description. Woods contain only an insignificant 
amount of these substances. It was during an intensive exploration, 
extending over some years, of the problem of bleaching bamboo pulp, 
which had hitherto prevented the employment of this material, that 
the facts and principles now to be referred to were discovered. And 
as an introduction to what follows it will be useful to quote from 
Messrs. Cross and Bevan’s ‘‘ Papermaking 5th edition, pages 104-5, 
as under; — 

*' A useful method of investigation of plant materials for paper¬ 
making, specially applied to the order Graminccp has been 
developed by W. Baitt in his reports on Bamboo and 
certain Indian Savannah Grasses.” 

“ According to this system, the organic constituents of the plants 
arc divided into four groups ” : — 

** Group I .—Soluble in boiling water. This includes starch 
and its transformation products, sugars, soluble gums, 
tannins, colouring matter, etc. 

” Group II .—Removed by 1 per cent. NaOH solution at 100°C. 
This includes resins, fats, waxes, gums insoluble in water 
and, principally, pectose. 

” Group III. —Lignin. This is separated, after extraction of 
substances of Group II, by chlorination and extraction 
with sodium sulphite. It is also converted into soluble 
derivatives by digestion with NaOH of a concentration of 
4. per cent, or more, at temperatures above ISO^G. In 
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this treatment however, more or less of the Beta-Cellu¬ 
lose is hydrolysed and dissolved so that it is not suitable 
as an analytical method. 

“ Group IV, Alpha-Cellulose (more resistant) and Beta- 
Cellulose (leas resistant) determined as a residue from the 
' chlorination treatment.'* 

“ Kaitt has determined the amount of caustic soda consumed or 
neutralised by each of the groups separately under ordi¬ 
nary conditions of digestion. Thus it is possible to calcu¬ 
late from the analytical results the theoretical quantity 
of caustic soda consumed in the digestion of the plant 
material *'. 

4. Tyj)ioal analyses of several species of Indian Oraminece accord¬ 
ing to the progressive solubilities of tboir consti- 
Annljmos. tuents in accordance witt the above method are 

as follows, (the figures are all related to an average air-dry condition 
of ten per cent, moisture): 


— 

MoiHture. 

Group 

Starches. 

Group 

II 

Pectins. 

Group 

111 

Lti^nlns. 

Group IV 
CclluiOfM) 
or Pulp. 

Sab‘ti— 






ilsf ha mum anffusti/olium) • . 

10 

11*76 

20*88 

4-0'’ ! 

43*40 

Ba^unnah Ki’aNR— 






(Sa<'t harum urun hmn't^um) , • 

10 

0*44 

24*73 

8*24 

47*60 

Bamboo — 






{Bambusn pol^morphii) , , . 

10 

8*05 

18'54 

1417 

40*24 


This analytical method by solubilities is an exact reflex of what 
occurs in the papennaker's digester not only as regards the individual 
solutions but also in their progression. It permits the characteristics 
of each group to be examined and the soda consumption of each to 
be aset riainod. Having got the solubles separated, it occurred to us 
that they might not all bo equally responsible for the extreme resis¬ 
tance of bamboo to bleaching, for another line of enquiry, suggested 
by work previously done by Cross and Bevan, ^revealed the fact that it 
was not the cellulose itself ‘which was unbleach able but something 
which it re-absorbed after digestion had reached the stage where it 
breaks down into pulp. This idea was reinforced by the common 
knowledge that pure cellulose absorbs colour with an extraordinary 
facility. 
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5. Our examination of group characteristics revealed the follow¬ 
ing:— 

Group /, although soluble in boiling water, will combine with soda 
to a small extent if it can get it, as it can in the 
Qroap (TharacteriitticM. p^^jeniiaker's digester. Starch combines to pro¬ 
duce a clear colourless solution but its secondary and transformation 
products, which constitute three-fourths of the group, yield a dark 
brown, nearly black, solution of great staining i)Ower which cellulose 
absorbs and which has afterwards to be destroyed by bleaching. 

Group //, composed chiefly of pectins, combines to produce a dark 
brown solution which is not only staining but is gelatinous. On 
cellulose it produces a brown stain which, owing to this gelatinous 
and viscous quality, clings to the pulp and will not wash out and can 
only bo destroyed by excessive bleaching. 

Group 111, lignins, yields a clear, limpid, amber colour solution, 
non-staining, which w’ashcs out of the pulp with extreme facility. 

It now iippearcid to be established that Ihe degraded products 
formed by the combination of Groups I and II with soda were the 
eause of the blemdiing trouble and the course (‘l(\arly indicated is to 
get rid of these before the material breaks down into a condition in 
which it is capable of absorbing them, i.c., into pulp, and such a 
process was facilitated by those facts:— 

(a) The material does not break down into pulp until the lignin 

is remov('d, 

(b) Groups I and 11 are easily soluble at comparatively low 

temperature and in a weak (1 to 2 per cent.) soda solu¬ 
tion. 

(c) Lignin is fully soluble only at high temperatures (above 

180^0), and in strong soda solution (4 to 5 per cent.). 

'rherefore, get rid oi the unbleaehables before attacking the lignin. 
Ucnce fracitonal (li(jcstion. 

0. The old method deals with all throe groups in one all-in or 
* Overhead ' operation and it must do so necessarily by treatment 
drastic enough in soda and temperature to resolve the most resistant 
group, lignin, %vbieh is unnecessarily severe for Groups I and II. 
When digestion is coiufdele we have a mass of liberated pulp steeped 
in the degradation products of the tw’o latter groups and the result 
is A badl} stained pulp which requires severe bleaching to de-colour 
it, so severe that considerable fibre losses occm* through a bleaching 
oxidation of the fibre. Groups I and II naturally go into solution first 
while the temperature is rising to the point of lignin attack, and 
when that point is reached these groups have combined with two- 
thirds of the soda present, leaving its active density too low for an 
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efficient attack on lignin unless the soda contents have been bolstered 
up by a large excess of soda (often as much as 6 per cent, on the 
grass weight). This ensures an efficient density at this point, and 
is what is* usually done. Such an excess is wholly a contribution to 
density, not to consumption^ and it will be found in the discliarged 
waste liquor as unused and unaltered Caustic Soda. It \^ill be observ¬ 
ed that groups 1 and II, dissolving as they do in the earlier stage of 
digestion, do so in a solution of strong density wliOe at the later stage 
a weakened solution ia presented to the strongly resistant oomponont, 
lignin: a progression which is obviously wrong and which the fractional 
method reverses with great benefit to the effective clear-out of all 
three groups and a substantial saving of soda. It is no longer neces¬ 
sary to bolster up density by soda which remains unused. 


7. It had now become evident that the successful application of 
n fractional method dep(‘nded gr(»atly on the 

iquor ensi y. reaction of lignin to liquor density and, as a 
reflex froni that, the effect of temperature upon hydrolysation of 
cellulose. Lignin was found not to be uniform in resistance but to 
vary considerably with species. Nature's ruhi in the case of grasses 
appears to be :— the shorter the period iivotlahic for litjnifituition during 
growth the less the quantity of lignin hut the greater its resistance. 
Thus sabai, with a lignifioation period of about tw'o months, contains 
about 5 per cent, of strongly resistant lignin wdiile bamboo with a 
period of fifteen months exhibits three times that amount of a less 
resistant character. Caustic scxla solutions possess the j)eculiar quality 
in many operations of having an effective density at which reaction 
will be quick and effective wdiile a slightly lower density will be slow 
and inefficient. Investigation along ties line slunved that the ellectivj' 
density for the lignin of sahai is 5 per cent. At fl it is not appreciably 
better while at 4 or even 4^ it is appreciably less efficient. In the 
case of bamboo 4 per cent, is the figure. With fractional digestion 
the shrinkage in volume of the raw mat(*rial during the Croups I and 
II stage makes it quite easy to secun* liquors containing the necessary 
quantity of soda in solutions of these dcnsitiiis and their use makes 
it possible to lower the temperature at which the lignin reaction is 
carried out and thus influence hydrolysation of cellulose beneficially. 


Temperature w^as already known to be the factor having the 
Cellulo.e hydroly.a- groatcHt cffpct on fibre Iobb. To put it graphi- 
tion. cally but crudely and not quite accurately, a ten 

per cent, increase of temperature, say, from to 105®0. results in 

a three times greater loss than a similar addition to either the soda or 
the time, so it became necessary to investigate the influence of tempera¬ 
ture on the hydrolysation of cellulose. As found in grasses it is of 
two types, always associated, Alpha-cellulose, which is resistant to any 
temperatures likely to be used, and Beta-cellulose, which may amount 
to a fifth of tile whole, and may be very considerably affected. Some of 
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it must go, being soluble at the lowest temperature affecting lignin, 
viz., but the bulk of it has a resistance point or criiical tempera¬ 

ture at which losses become serious and below which they are not 
appreciably greater than at 130®C. For sahai we have fixed this point 
at 142®C. and for bamboo at between 150®G. and 153^0. Fractional 
digestion can invariiibly be done at temperatures behnv these danger 
points while the Overhead method, as always, d(‘mands figures at or 
above them and with corresponding losses. 

8. Tlie new methcxl had now reached a stage at which the following 
economies and benefits could be predicted : — 

(a) A soda saving of 4 to 6 per cent, on grass, possi})ly more on 
bamboo. 

(h) The production of an unstained and easily bleached pulp. 

(r) Lower temperature of digestion with larger pulp yield 
through r<:‘duced hydrolysation of cellulose. 

(d) A reduction of volume and an incrt*aAe in dtnsity of the 
waste liqu(»r sent to the sala recovery plant thus r(‘ducing 
recovery costs. This is owing to th(‘ facility with which 
lignin-soda liquor separates from pulp and the consequent 
reduction in volume of wash water nHpiinal, and also to 
tiu' fact that the system mukc'S a cl(‘an cut between the 
staining and non-staining liquors jxTiuitting the latter to 
be all used up in digestion operations. 

(^') An economy of steam from the lower tenqx^raiure and 
shorteiK'd period of digestion. 

Anticipating wdiat follows it may be mentioned hen' that all these 
expectations have been fully realised. 

9. It is unncct'ssary to detail the long series of (‘xperinients n'qiiired 

to embody the above* relatt'd facts and discoveri(*s 
If in a plant capable of working such process on a 

ftpmeii . commercial scale, but two interc'sting develop¬ 

ments which considerably facilitate the whole process may be men¬ 
tioned. It w'as found unnecessary to deal with (Iroups 1 aiul If st'pa- 
rately. ’ Loth come out together and sutisfactorih in w(‘nk soda at 
lowr temperature. TIk'H' is a slight waste of so<la in the* (iroup 1 n'solu- 
tiou w’hich is more than compensated for by sqving sti*am and time 
required to deal separately with Group 1 by water solution. It was 
further discovered, that w^hen these groups an* dealt wdth by a strong 
solution at high temperature, as is the case under the Overhead method, 
a secondary combination wdth soda takes place w’hich uses up a further 
2 per cent, to 3 per cent. This is most noticeable with bamboo wdiere 
the initial temperature under Overhead conditions is 102®C, Under 
fractional conditions IIMb is prevented. The other development was 
contained in U^e discovery that ligmn, like some other collcnds, when 
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in an alkaline solution containing an excess of free alkali, is a better 
solvent of another colloid than a pure solution of the solvent, conse¬ 
quently, instead of using a pure weak solution for Groups 1 and 11, the 
lignin-soda solution from a previous digestion, provided it held a 
sufheient i'xct‘ss of free soda, could be brought back to effect the rest>- 
lution of Groups 1 and II. As it is a non-staining solution it can be so 
us(‘d. All that is necessary is to ensure that the freali strong solution 
appJit'd to group 111 contains enough soda for all three groups. The 
important* of this lies in two directions: — 

(a) As it is not neces.sarj to use a pure weak solution for groups 
1 and IJ, the volume of waste liquor sent to the recovery 
plant is not increased as was at one time anticipated, but 
is instead reduced; one volume of liquor only, viz.^ that 
used for groups I and 11 after use on group 111 and con¬ 
taining all the products of the three groups, goes to re 
covery [see para. B (d)]. 

(li) Tin* pure s(Kla solution ai)plied to group 111 now contains 
enough soda to resolve the three groups so there is no 
dilliculty in securing the high density required for rapid 
and effective action on lignin, and, since the material at 
this stage is surroimded by and steeped in two and a 
half times as much soda as it can use, the result, so far 
as it is affected by the soda factor cannot go wrong, and 
the high density permits both time and temperature to be 
consicierably reduced, thus preventing to a large extent 
hydrolysation of fibre and avoiding the irregular and in¬ 
efficient digestion w'hich is so common an experience under 
overhead conditions. 

10 The plant ultimately evolved consists of several digesters, pre¬ 
ferably not less than three, working in progress- 
Digestev Plant. series and so connected up to each other by 

piping, vjilves and screens as to permit the following operations to be 
performed (we shall dimominate the resolution of Groups 1 and II pre- 
digest ion, and of Group III lignin digestion, the liquor m which the 
latter has been conducted lignin-soda liquor, the pulp-washes after the 
latter operation Ist and 2nd washes, while spent liquor will bo the 
liquor sent to recovery after the pre-digestion operation is complete): — 

(a) blowing lignin-soda liquor and the Ist wash from any digester 
to any other, or to a storage tank and subsequently to 
digester; 

(h) taking si earn at a pressure suitable for pre-digestion from 
the top of any digester in which the lignin digestion is 
being carried on, to the bottom of any digester in whicli 
the pre-digestion stage is in progress; 
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(r) discharging spent liquor from a point in the side of digester 
which coincides with the level to which the material 
shrinks during pre-digestion, thus preventing scum and 
the liglit dirt it carries being filtered out by the pulp as 
is the case in overhead treatment. In operation, this 
valve is opened first and after the supernatant liquor and 
scum is blown-off the valve at bottom is opened; and 
(d) utilising blown-off steam for heating, in overhead tanks, 
fresh caustic sorla liquor and 2nd >vash, thus to a large 
extent preventing steam condensation, with consequent 
loweiing of densities, occurring within digesters. 

Where three digesters are more than the mill requires, two or even 
one may be used but with boiiie loss of time in waiting for re-charging 
with raw material. In these cases the lignin-soda liquor and 1st wash 
will bo blown to an overhead tank. Three digesters synchronise their 
op(»rations p<*rfectly, one engaged on pre-digestion, the second on lignin 
digestion, while the third is re-charging. 

11. Results on «abtt( and bamboo obtained in our plant are as 
under.— 

Sabai by overhead treatment required 15 per cent, soda on grass 
. . weight, 4 hours steaming at 145®C. (45 lbs.) and 

4 a ai lOBu H. gfandard bleaching powder on 

gmss weight. The sj)ont liquor amounted to 1,400 gallons per ton of 
grass of a density of 5j®Tw. 

By Fractio7ial the figures were 11*5 per cent, soda, 3^ hours steam¬ 
ing at an average of 130'^C. (82 lbs ), 1*75 per cent, of bleach and the 
spent liquor amounted to 900 gallons of ll®Tw. density, while the 
bleached yield was 2 per cent. more. The economies are therefore: — 


78 lbs. iiMla at R« 5 pci cwt. 

95 „ bleach at Rs. 11-8-0 |K‘r cwt, 
45 „ more pulp at Ra. 12 jxjr cwt. 


Ha. A* p. 
8 8 0 
9 12 0 
4 12 0 


Total . 18 0 0 


per ton of grass or Rs 1,80,000 on a consumption of 10,000 tons per 
annum. The above values are at present Indian costs, but the soda 
figure is for imported soda required to replace losses, and lime only, 
recovery costs being neglected. It is evident from the spent liquor 
figures that the economy in this direction would be considerable. Steam 
saving is likewise neglected but it may be mentioned that overhead 
treatment with the fractional consumption of steam wall not produce 
a properly digested pulp. Pulp cost is for raw material and chemicals 
only; coal, labour ana fixed charges being neglected. The economy 

[ 278 ] 



0 


Part IX] Baitt : Inveitigaiiona on Batnboog and Oratsei 

for Paper Pulp. 


in soda and bleach cost equals 46 per cent. The pro(*esR is in use in 
two of the largest sabai mills in Bengal but with the old type of 
digester, which prevents full colour effect being obtained; nevertheless 
the total bleach consumption of the mills is less and appearances 
indicate that on grass it is considerably less. As they bl(*ach a large 
amount of other materials accurate figures of grass bleaching are not 
available. On soda the economy is 4 per cent, or one-foiirth of the^r 
previous consumption. 


Bamboo by 
Bamboo rosulln. 


overhoad treatment requires 21 per cent, soda, 5^ 
hours steaming at 162^0. (8(1 lbs.), and 10 per 
cent, bleach. Spent liquor was 1,600 gallons at 
6°Tw. The fravtional figures were s(Kla 15 per cent., steiun 5^ hours 
at an average of 140®C. (J18 lbs.), bleach 5 per cent., spent liquor was 
l,fKX) gallons at lOJ^Tw. and pulp was B per cent, 
is therefore: — 


IS-t Ibp. sod i, at Rh. 6 |)cr (*wt. 

113 „ bleacli at 11-8-0 per cwt. 
67 „ more pulp at Its. 8 jM.*r ewt. 


Total 


more. 

E( 

Kt. 

k. 

p. 

6 

0 

0 

11 

8 

0 

•t 

13 

0 

33 

5 

0 


per ton of bamboo or 11s. 2,23,125 on 10,(KK) tons per annum. This 
amounts to 15 per cent, on present manufacturing charges for materials 
and chemicals only. If the savings in recovery, cx>al, bibour and fixed 
charges up to the bleached pulp stage ari‘ taken into account the total 
reduction in cost will be well over 20 »M»r ei‘nt. Soda and bleach eco¬ 
nomy is 38 per cent. 


12. The working of nabai pulp through the mill presents no difficul- 

_ ties which have not been overcome during the 

Practical InntH. , . , . , *11^ 

many >ears it has be<*n us(‘d m Indian mills. 

Bamboo, however, intnxluces some n(»w problems which the construc¬ 
tors of new mills would do well to note and so avoid errors in details 
of their plants. The sap canals, which are numerous ar.rl run for long 
distances through the wdioh* length of the* culm, are, in the dry state, 
filled up with capillary^ air which is extremely difficult to expel. Crush¬ 
ing, by splitting the canals, g(‘ts rid of much of it, which is one of the 
reasons why w'e advocate crushing in preference to chipping but even 
so it carries with it into the digester a considerable mass of capillary 
air which, in the early stages of the groups I and II treatment, rises 
up as an enormous volume of froth. It is necessary to get rid of this 
and, in blowing it off, it entrains and carric's out w'ith it a cousuierablc 
amount of the liquor. We have seen as much as a fourth of the whole 
charge thus carried awav. We are dealing with it by boiling very 
gently for some time with the digester cover off until the frothing 
stops but this would not bo practicable in a large plant. The prefer 
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cure W6 think would be a froth-separator placed at a level slightly 
above the top of digester, the blow-off would be sent through it. 
When the air has been all expelled the steam outlet from the separator 
would be closed, and the trapped liquor allowed to flow back by gravity 
to the digester through a pipe connection at the button of the separator. 
One 8€*ptirator could take care of three digesters. 


13. Crushing .presents no difficulties. It is not necessary to crush 
the bamboo to a fibrous condition which would 
Crufiliing. greatly increase the bulk and reduce digester 

capacity. All that is required is to pulverise thoroughly the nodes 
and split the sap canals. As the nodes are slightly greater in diameter 
than the intemodos, tlie crushing rolls are set to pulverise the former 
which setting likewise gives the desired splitting effect on the inter- 
nodes. After cutting to 1 to 2-inch lengths the crushed and cut 
material occupies 100 c.ft. per ton from which figure digester measure- 
m<»ntB can be caJculat(‘d. After the groups I and II treatment this 
figure comes down to 126 c.ft. and after lignin digestion to 105 c.ft. 


14. Crushing is considerably assisted by a previous soak in water 

rcmovcB* adhering Bund and mud. 

Except for this, bamboo is a remarkably clean 
material and, of itself, and provided the nodes arc pulverised, carries 
nothing into the digester which will produce specks and dirt in the 
pulp, and 08 mud, etc., is only on the exterior it is easily removed. 
As an effective mcMins of dealing wdth this we suggest a w*ater flume 
alongside the* bamboo store sheds through which a gentle current, 
prexiuced by a slow motion impeller pump pushing the water from 
one end of the ffunie to the* other, carries the culms on to a traveller 
where they meet a high pressiwo spray and thence, into the crushers. 


15, Wo may here allude to one of the reasons for our preference 


Water Seasoniug. 


for water transport of bamboos, which our recent 
experience has confirmed. It is not only a ques¬ 


tion of cost, which is of course largely in its favour as against land 


transport, but security of storage is effected. Bamboo which has been 
three to six weeks rafting down a river loses, by w'ater soakage, a 
considerable amount of its starchy constituents upon which boring 
hetflea feed and w^hich encourage mildew during the rains, and we 
think it advisable to complete the process by sinking rafts in the stream 
for a w'eek after their arrival at a mill. This is, in fact, the process 
of seasoning (as it is called), really merely a removal of the attraction 
to destructive insects and mildew, in this country for bamboos intend- 
(‘d for constructional work. Bamboo thus treated will store perfectly 


well for two years. We have some here which was tranaported by 
land, w'hich in nine months has been reduced to a mass of dust. Such 
partial extraction of group I hag of course a beneficial effect on diges¬ 
tion. 
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16. liiiuiboo pulp proves to be oxlruordiiuirilv “ free i.e., parts 
V, 1 .. its water with extreme facility, uiore bo 

than any other pulp we know . The effect of thia 
is that it parts with most of its w^ater <.lin‘ctly it reaches the wire of 
the drying machine and there is no chance givt*n it to felt and consoli¬ 
date, with the result that when it readies tht‘ first prt*ss it sticks to 
the top roll like glue, no matter how' tin* suction box and couch treat¬ 
ment is varied, and can only be dettuiieil in tiakes. We have got 
over this by slackening back the second press felt and lapping it round 
the toj) first press roll so that the* sheet runs bftwi*cn two felts through 
the first press, but we lose some of the water extraction effect which 
\\ v ha\e to counterbalance by greater prt‘smire at the 2nd press which 
gives no trouble, the consolidation which Uu‘ shtot get-s at the first 
press helping it through thi* second. Our method of getting over the 
trouble is effective but not ideal as it is somewhat 8t*vere on the felts 
and we commend the question to the attention of pulp engineers for 
solution, w'hcdher by double felting, a polished granite top roll (ours 
is brass) or some other device. There is, anyhow, no need for a third 
press. Tw'o pressings bring out all the water that can be extracted 
by squeezing. Beaten pulp for papemiaking gives no trouble. It 
can b(' beaten so as to carry its W'ater well over the wire and ‘ felt ' 
perfectly. 
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The experiments carried out by the Forest Research Institute, Dehra 
Dun, were started on a laboratory scale in 1908, and were giadually ex¬ 
tended and enlarged into field experiments entailing service tests on a 
large number of treated sleepers of different species. The laboratory 
tests referred to above are recorded in Indian Forest Records, Vol. Ill, 
Part II of 1912, while in Chapter IV of that work the lines on which future 
investigation will be carried out is stated in full. The results of the ser* 
vice tests are recorded in Indian Forest Records, Vol. VI, Part IV of 
1918, and Vol. IX, Part 1, and in Forest Bulletin No. 69 of 1924. The 
majority of the sleepers laid down for the above tests were treated in 
open tanks, and only a few Assam species were treated imder pressure. 
The above durability tests are now nearing completion, as many of 
the sleepers have been in the line over 12 years. 

The results of the above tests have been so satisfactory that, on the 
enlargement of the laboratories and workshops of the Economic Branch 
of the Forest Research Institute in 1921-23, it was decided to create 
a separate section of Wood Preservation, which entailed recruiting a 
specialist in the subject, giving him the necessary staff and putting in a 
complete experimental up-to-date treating plant. As soon as the staff 
and plant became available, and in conjunction with the Sections of 
Wood Technology, Timber Testing, and Timber Seasoning, a joint scheme 
of investigation was prepared, known as Project IV, Sleeper Wood In¬ 
vestigation. This Project was, after drafting, submitted to the Railway 
Board for scrutiny and remarks, and after the necessary alterations and 
additions had been made to meet Railway requirements, it was accorded 
the sanction of the Government of India. 

The first results of this investigation dealing with the treatment of 
seven Assam species are now complete, the work and report having been 
carried out by Mr. J. H. Warr, Officer-in-Charge, Section of Wood Pre¬ 
servation, who was helped, in the treatment of the sleepers, by his 
Assistant, Mr. S. Kamesam. 

The sleepers for these experiments, numbering 1400, were supplied 
by the Assam Forest Department, and are now to be returned to the 
Assam-Bengal Railway Co., and laid in their line for durability tests. 

RALPH S. PEARSON, C.I.E., I.F.S., P.L.8., 

Fore$i Economiitf 
Fore$t Raeardi InstUute. 


Dxbba Dun« 
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INDIAN FOREST RECORDS. 


V«1.XII 1925. lP«r»X 


NOTES ON THE ANTISEPTIC TREATMENT OF 
ASSAM TIMBERS FOR RAILWAY SLEEPERS. 


By 

J. H. WARR, B.Sc.. 

OBicer-m-Charge of Wood Preservation, Forest Research Institute, Dehra Dun 
Assisted ly 

S. KAMESAM, B£. (Mcch.), M£. (Hons.)» 

Assistant, Wood Preservation Sectiont Forest Research Institute, Dehra Dun. 

CHAPTER I. 

NOTE L—Roport on the Experimental Treatment with Antiseptic Oils 
of Cynosnetra poiyandra {ping). 

Two hundred metre gauge sleepers were sent from Assam, for the 
purpose of these experiments, in January 1924. Of the two hundred. 
20 sleepers in ten matched ])aiFs were selected by the Timber Testing 
Section for the purpose of strength tests; ten sleepers being tested un¬ 
treated and the ten mates tested after treatment. It was decided to 
treat these ten last with pure creosote only, and to adopt this oil as the 
antiseptic for treating the Timber Testing specimens of future species. 

Of the remaining 180, 6 were rejected and the rest marked as laid 
down in Project IV, “ Mechanical Strength, Seasoning Properties. Treat¬ 
ment of and Key to certain Indian Sleeper woods.” 

In the case of Cynometra polyandra this mark was 47^1 . 

The timbers were then stacked in three piles in open crib, in a large 
well-ventilated godown. The moisture content of 7 sleepers in each 
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pile was determined by taking borings and at the same time the sleepers 
were weighed. In this way the dry weight of each of the observation 
sleepers was determined and its moisture content at various times 
determined by re-weighing. 

The average moisture content of the three piles was 39*8 per cent 
39*6 per cent, 40*5 per cent respectively on March 3rd, 1924, whereas on 
January 10th, shortly after marking, the average moisture content of 
all the sleepers was 45 per cent. 

On May 20th the average moisture content of the three piles was 
27*3 per cent, when it was decided to commence treatment. 

The weather during January, February, March and April was normal 
for Dehra Dun ; that is to say the atmosphere was gradually and steadily 
becoming less humid with rising temperature. The month of May was 
abnormal with lower temperature and greater humidity than usual but 
with drier atmosphere than in the preceding months. The seasoning 
was therefore slow during January, February and March but became 
more rapid during April and May. 

It should be noted that whereas the average moisture content of the 
piles gives an indication of the rapidity with which the sleepers are 
seasoning, it gives no information as to the dryness of the individual 
sleepers which, as will be seen later, vary considerably in this respect. 

The sleepers on arrival had develojied, in some cases, considerable 
seasoning cracks, but, without taking actual measurements, no deteriora¬ 
tion could be observed as the sleepers seasoned out. 

In view of the fact that the climate of Assam is much more humid 
than that of Dehra Dun, it is thought that an average moisture content 
of between 25 per cent and 30 per cent is all that can be expected of 
sleepers seasoned under natural conditions in the former province and 
while individual sleepers seasoned at Dehra Dun shew wide variations in 
moisture content, it should be noted that they were seasoned quickly, 
due to the drier climate, whereas in actual practice, no doubt, longer 
time will be taken over this very inqiortant part of timber preservation, 
which will give the slower seasoning sleepers a chance to approach more 
nearly to the average. 

It is impossible io say more about the seasoning of these sleepers, as 
what will happen under Assam conditions cannot be foretold from what 
happens at Dehra Dun, but it is anticipated that the seasoning will be 
slower and more even and therefore more suitable for wood preservation 
provided the moisture content can be got down to between 2E and 30 
per cent. 

The sleepers were adaed and bored before treatment, 
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ANTISEPTrCS USEP. 

Afl one object of Project IV ie to determine the relative economic 
cost of treatment with various antiseptics, batches of sleepers were 
treated with the following oils :— 

1. Pure Coal Tar Creosote (The term Pure Coal Tar Creosote here 

means Coal Tar Creosote without any adulterant). 

2. Mixture of Coal Tar Creosote and Earth Oil in varying propor¬ 

tions, m,, 50-50, 33-67, 25-75. 

To explain the reason for this, it must be assumed that the cost of 
treatment is to be regarded as an item of capital expenditure, from 
which the amortisation cost per year can be calculated for the life of the 
sleeper. It does not follow that, because there is a high initial saving 
by treating with a mixture of creosote and earth oil, that this is the most 
economical procedure in the long run, because, possibly, the sleeper will 
be much better preserved by creosote alone. When, however, the length 
of life of the sleeper is determined from actual experiments in the lino, 
by reference to the amortisation curves, given with this report, the most 
economical procedure can quickly be determined for any initial cost 
of treatment. 

Moreover, it is undoubtedly a fact, that the greatest economy will 
be obtained when the sleeper fails from mechanical and chemicul break 
down simultaneously, and the best treatment, therefore, is the one which 
brings this about. 

It may, and probably will, vary for different species and for dilferent 
localities owing to changed local conditions both as regards climatic 
factors and cost of operation. 


Pkocessks employed. 

When experimenting with an unknown timber, the choice of f>roc(*sH 
is generally evolved during the experiments. For India, it was decided 
that two processes only were admissible, namely. Lowry and Full C’ell. 

It W’as also decided that the Lowry Process should only bo used in 
cases where a regular and thorough penetration was obtained, as when 
the timber is saturated, surplus oil is wasted, and the saturated condition 
gives an empty cell process a much greater chance of success. 

With Cynometra polyandra^ pwing to its somewhat erratic behaviour, 
it was thought advisable to use the Full Cell Process almost exclusively 
although the Lowry Process was also used for purposes of comparison, 
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Previous Records. 

Although no authentic records are available as to the untreaiei life 
of a Cynomdra polyandra sleeper, it is not looked upon as a durable wood, 
and a longer average life than five years is not anticipated under service 
conditions. 

In 1915 the Forest Economist, Mr. R. »S. Pearson, instituted a series 
of experiments by treating various species of Assam timbers at Jaipur 
in open tanks. Eight sleepers of Cynometra polyandra were treated 
and laid in the Assam^Bengal Railway for service tests. It was observed 
that the absorption of the antiseptic (equal mixtures of Green Oil and 
Crude Earth Oil) was erratic, varying from 3*5 lbs. to 18 lbs. per sleeper, 
the average being 6 5 lbs. per cubic ft., but nevertheless the service 
records shew that up to December 1923 no sleepers had been rejected, 
while seven were in first class condition and one was deteriorating (See 
Forest Bulletin No. 53, p. 23). 

A little later, 18 M. G. sleepers of this species were treated 
under pressure with a mixture of Green Oil and Assam Earth Oil in equal 
proportions. The wood took uj) an average of 4*5 lbs. of oil per cubic 
foot. The service record shews that, of these sleepers, which were laid 
in the line in January 1916, 16 were good and sound m December 1923, 
while 2 had been removed. 

Thus it is seen that Cynometra jtolyandra^ when treated with an anti¬ 
septic oil, is not nearly at the end of its useful life after more than eight 
years* service. 


Records of present experimenivs. 

Experiment /. Sleepers ^ 

Average.moisture content of sleepers: 26-6 percent. 

Average Specific Gravity of Charge : -94 

Antiseptic : 50-50 (Yeosote and Earth Oil Mixture. 

The average gross absorption of oil imder a pressure of 175 lbs per 
square inch, built up and maintained for one hour, was 7-7 lbs. per cubic 
foot as determined by measurementb on the service tank. This absorp¬ 
tion was reduced to an average of 5-95 lbs. per cubic foot by means of a 
vacuum applied after treatment. 

Reference to the data of Experiment 1 will show that the absorption 
for individual sleepers was somewhat erratic, varying from 2‘3 to 11*3 
lbs. per cubic foot. At the same time it may be remarked that, although 
the average moisture content was 26 6 per cent, individual sleepers varied 
considerably. 


[ 286 ] 



Fabt X.] Warr : Assam Timbers for Railway Sleepers, 


5 


On catting sleeper number 13 it was found that the oil had completely 
penetrated the sleeper* This sleeper took up 5*6 lbs of oil per cubic 
foot, a very close approximation to the average of 6 lbs. per cubic foot. 

During the experiment it was noticed that, after the pressure had been 
maintained for 20 minutes and built uj) to 175 lbs. i)er sq. inch, 
the oil was entering the woo<l at the rate of 1 lb. per cubic foot in five 
minutes, just half the rate for the previous five minutes, during which 
period the pressure had risen from 150 to 175 lbs. per sq. inch. 

Experiment //.—Bleepers except 25. 

This charge was treated by the Lowry Process using a 50-50 Mixture 
of Creosote and Earth Oil as the antiseptic. 

The average moisture content of the sleepers was 27*04 }>er cent 
although individual sleepers varied from 17 per cent to 57 per cent. 

Although the pressure was maintained for one-and-a-half hours 
no better gross absorption than 6-7 lbs of oil j)er cubic foot could be 
obtained. By means of a vacuum the nett amount of oil retained by 
the charge averaged 5 0 lbs. per cubic foot, and varied in individual 
cases from 2 lbs. to 8*3 lbs. ]7er cubic foot. 

Sleeper No. 30, whose moisture content was 21 per cent, absorbed 
8*3 lbs of oil })er cubic foot and was found to be evenly impregnated to 
a depth of J inch all round. On cutting sleeper No. 42, whose 
moisture content was 17 j)er cent and absorption 6 lbs. per cubic foot, 
it was found that the sajiwood was entirely impregnated and that the 
heart surface was penetrated evenly to a deptli of I inch. The wood 
absorbed, in the first seven minutes after the pressure was started, 
about 3 lbs. of oil per cubic foot, the pressure rneanwliile rising to 100 
lbs. per sq. inch. After 30 minutes, in sjute of the ])reH8ure having 
been raised to 175 lbs. jier r([. inch, the absorption was very slow, 
the wood having absorbed by now 4-5 lbs per cubic foot. In the next 
10 minutes, the pressure still being maintained at 175 lbs. per sq. inch, 
the wood absorbed 1*75 lbs. i)er cubic foot and from then onwards till 
the experiment was completed there was no greater absorption than *5 
lb. per cubic foot. This experiment would seeni to indicate, in con¬ 
junction with Experiment 1, that the wood is iin})regnated to refusal 
after about 50 minutes to one hour under a pressure of 175 lbs. per 
sq. inch. 

Experiment ///.—Sleepers 

Owing to the fact that the*ab8orption of oil by the wood was some¬ 
what erratic in the previous experiments it was thought best to revert 
to the Full Cell Process. 
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A mixture of 37 per cent Creosote and 63 per cent Earth Oil was used 
as the Antiseptic, The average moisture content of the sleeperr 
was 28*3 per cent and the Specific Gravity *92. Here again the moisture 
content of individual sleepers was found to vary from 21 per cent to 60 
per cent« 

The pressure was maintained for one hour, and gave an average gross 
absorption of 5*4 lbs per cubic foot for a composite charge with nine eAI 
posts. Tliis was reduced slightly by the final vacuum giving an 
average nett al>8orption of 5*57 lbs. per cubic foot for pinp alone. The 
variation was from 3 lbs. to 9*6 lbs. per cubic foot. 

On cutting sleeper number 67 whose moisture content was 23*6 per 
cent and whose absor})tion was 9*6 lbs per cubic foot, it was found that 
the oil had completely })enetrated the sleeper. 

Sleeper number 57 whose moisture content was 24*7 per cent retained 
only 3 lbs. of oil per cubic foot. On cutting the sleeper it was found 
that the .Haf)W()od was completely impregnated but, although flecks 
of oil appeared throughout the heart wood, the heart surface was not 
impregnated to any great depth Sleeper number 53 with a moisture 
content of .33*3 pei cent retained a little more than the average, viz., 
0*3 lbs. per cubic foot. It was found to be composed of sapwood to the 
^xtent of 8() per cent and this was almost completely impregnated. The 
jjcart was not penetrated to any depth. 

During the experiment it was noticed, that in the first five minutes 
the wood absorbed about 2*5 lbs. of oil per cubic foot, the pressure having 
risen to 75 lbs. per sq. inch. 

In the next ton minutes, the wood absorbed 1*75 lbs. per cubic foot 
and the pre.ssure ro.so to 125 lbs. In the next ten minutes it absorbed 
a little less than I lb. per cubic foot, while the pressure rose to 175 lbs. 
per sip inch. During the next 30 minutes, with the pressure still main< 
tained at 175 lbs. per s<|. inch, the wood only took up a further *75 lb. per 
cubic fot)t, nothing being ab.sorl)ed in the last 10 minutes. It is therefore 
confirfued that the wood can be treated to refusal by ♦he Full Cell Pro¬ 
cess in one hour. 

KxiH-nmmi IV. Sleepers 

The Full Cell Process was again employed, and the pressure kept 
on for 2 hours 15 minutes, in an endeavour to make the wood take more 
oil than in the previous experiments. 

The average moisture content of the charge was 28*5 per cent and the 
Specific Gravity of the wood *97. 
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The moisture percentages wem much more uniform than in the pre¬ 
vious experiments, owing to the drier atmospheric conditions at the time 
of treatment* The percentages varied from 16 to 38 per cent. 

The same antiseptic was used as in Experiment 111. The average 
gross absorption was 6-2 lbs. of oil per cubic foot, and the nett oil 
retained 6-1 lbs. per cubic foot. For individual sleepers the 
amounts varied from 2*3 to 10 lbs. of oil per cubic foot. Several 
days were allowed to elapse before cutting the sleepers in order to allow 
the internal stresses set up during treatment to become stable. Sleeper 
number 72, whose moisture content was 23-6 per cent, took up only 
2‘3 lbs. of oil per cubic foot. The sapwood was entirely impregnated, 
but the heartwood only slightly penetrated. 

Sleeper number 90, with a moisture content of 36*6 per cent re¬ 
tained 6*3 lbs. of oil per cubic foot. 80 per cent of this sleeper including 
the sapwood was thoroughly saturated. 

Ten minutes after starting the pressure, the wood had absorbed about 
2*6 lbs. of oil per cubic foot, the pressure rising to 60 lbs. per sq. inch. 
In the next ten minutes the wood absorbed *75 lb. per cubic foot, and 
the pressure rose to 80 lbs. per sq. inch. 

It will be noted, that in this experiment, the pressure was raised 
much more slowly than in the previous experiments. 

In the next twenty minutes, the wood absorbed less than *5 lb. 
of oil per cubic foot, the pressure rising to 120 lbs. per sq. inch. 

In the next 30 minutes, the pressure was raised to 165 lbs. about 
1 lb. of oil per cubic foot being absorbed. During the next hour, with 
the pressure at 175 lbs, per sq. inch the wood absorbed 1*5 lbs. of oil per 
cubic foot, in the last twenty minutes of which no absorption took place. 

In point of fact, after the pressure of 175 lbs. had been maintained for 
30 minute^ no absorption took place. Once-more it is apparent, that the 
wood can be treated to refusal in one hour, during the last half of wliich 
the pressure should be kept at 175 lbs. per sq. inch. 

Experiment F.—Sleepers 

In this experiment Creosote only was used as the antiseptic. 

The moisture content averaged 24*7 per cent but varied in individual 
cases from 19 per cent to 40 per cent. The weather was getting much 
warmer and the atmosphere drier. 

As before, the Full Cell Process was used and an average of 8*7 lbs. 
of oil per cubic foot pressed into the timber under a pressure of 175 lbs. 
per sq. inch for 45 minutes. 

The variation in individual cases was from 3*7 lbs. per cubic foot to 
13*7 lbs. per cub'c foot. Although the average amount of oil absorbed 
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was higher in this experiment than in previous ones, and obtained 
with greater ease, it would be dangerous to suggest that it is due to'using 
pure Creosote only. The variation in absorption between individual 
sleepers was just as much as in previous experiments. The moisture 
content was also lower. 

Sleeper number 97, on being out, was found to have the sapwood 
satisfactorily impregnated but the heartwood shewed no uniformity of 
penetration. The nett amount of oil absorbed by the sleeper was 7 )bs. 
per cubic foot, and its moisture content was 40 per cent. 

Five minutes after the pressure was put on the oil, the timber had 
absorbed about 3 lbs. of oil j)er cubic foot and the pressure had risen 
to 20 lbs. only. In the next five minutes about 1 lb. per cubic foot was 
absorbed, the pre8siir(» rising to 40 lbs. In the next twenty minutes 
the pressure rose to 105 lbs. and the amount of oil absorbed was about 
II lbs. per cubic foot. 

The pressure was then raised to 175 lbs. and at the close of the experi¬ 
ment thf‘ oil was still entering the wood at a slow rate, about 1 lb. per 
cubic foot in 15 minutes. 


It would api)ear, therefore, that the previous results are again con¬ 
firmed, and although the average absorption was much higher in this 
experiment than in the others, the point where the wood refused to take 
more oil, was reached within the hour. It will be noticed that the pres¬ 
sure wa.s ])ut on very slowly in the initial stages. 

Exveriment Vl.~ Sleepers-_ 

* 47—112 to l‘4J4 and 6 also 1 to 10 

The antiseptic used was Oeosote only as in Experiment V ; the average 
moisture content of tlie timber being 24*7 per cent. 

The variation in individual cases was from 11 per cent to 37 per cent 
with an extreme case of 9() per cent. This later figure is doubtful. 

The pressure was raised to 100 lbs per sq. inch for 20 miilutes, fol¬ 
lowed by a pressure of 175 lbs. for 20 minutes. 

The average nett absorption was 7-6 lbs. per cubic foot, varying 
from 2-6 to 12 lbs. in individual cases. 

^ Sleeper number 112 with moisture content of 26*7 per cent absorbed 
only 3 lbs. ])er cubic foot. On cutting the timber it was found that the 
heartwood had a surface treatment only but the sapwood was penetrated 
to a depth of 1 inch. 


Sleeper number 117 with moisture content of 11*2 per cent absorbed 
7*6 lbs. of oil per cubic foot and was completely penetrated. 

Owing to the fact that the door of the cylinder leaked when the prea- 
sure exceeded 100 lbs. per sq. inch, the ^cylinder had to be emptied, the 
door made tight and the experiment restarted. It was therefore not 
possible to note 4;he rate at which oil entered the wood during the ex- 


[ 290 ] 



tjsxt X] Wabe : Assam Timbers far Railway Sleepers & 

periment. The indicationB are, however, that the rate was the same 
as in previous experiments. 

Experiment F//.—Sleepers 

The oil used was a mixture ol 30 per cent CVeosote and 70 per cent 
Earth Oil. 

The average moisture content of the sleepers was 23*9 per cent vary¬ 
ing from 16 per cent to 45 per cent in individual cases. 

The pressure was raised to 176 lbs. per sq. inch in 40 minutes, giving 
an average absorption of 5*4 lbs. per cubic foot which varied from 2-6 
lbs. to 8*0 lbs. in different specimens. 

Sleeper number 133 absorbed 5*6 lbs. jjer cubic foot and 70 per cent 
of the cross section was saturated. 

Sleeper 134 absorbed 3-3 lbs. per cubic foot and on cutting, it was seen 
that the heartwood had received a surface treatment only whereas the 
sapwood was penetrated to a depth of 2 inches. 

Practically the same observations as regards rate of absorption were 
made as in former experiments. 

Experiment VIII - Sleepers • 

The antiseptic used was a mixture of 25 per cent Creosote and 75 
per cent Earth Oil. 

The average moisture content of the wood was 20-6 per cent with 
variations from 13 per cent to 35 ])er cent. 

The pressure was raised to 175 lbs. per8(|. inch during one hour, and 
an average nett absorption of 5-1 lbs. of oil ])er (’ubic foot obtained. 
The absorj)tion varied trotn 2*6 lbs. })er cuT'c fool to 10*3 lbs. per cubic 
foot in individual cases. 

Sleeper number 14^, with moisture content of 20-2 per cent, absorbed 
3*3 lbs. per cubic foot. The sapwood was completely penetrated while 
the heartwood was penetrated to* depth of J inch. 

Sleeper number 163, with moisture content of 19-9 per cent absorbed 
5*3 lbs. per cubic foot. The distribution was practically complete in the 
sapwood but erratic in the heartwood. 

Whereas the wood absorbed in the first 5 minutes more than 3 lbs. 
per cubic foot while the pressure was rising to JOG lbs. per sq. inch it 
absorbed practically nothing in the last twenty minutes with the pressure 
at 175 lbs. per sq. inch. 


4k>NqLUSiojjs. 

From the above experiments, it will be seen that Cynometia polyandra 
ia ameinable to treatment but that it behaves in a somewhat erratic manner. 
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It is true that the moisture content of the wood under experiment 
variwl (‘oiisiderably, but, from the figures, nothing definite can be said 
as to its influence on the ab8oq>tion. Generally speaking, it is an accepted 
fa<*t that a moisture content superior to 30 per cent or fibre saturation 
point, affects the absorption adversely but there are quite a number 
of exceptions, as shown in the above exi>eriment6. Moreover this erratic 
beliaviour docs not disappear as the experiments proceed, although the 
av(‘rage moisture content gets less and the extreme moisture percentage 
becomes lower. 

It IS, therefore, not possible to attribute this variation in absorption 
to moisture alone, although it probably has something to do with it. 

Again, with different mixtures of Creosote and Earth Oil, the average 
absorption is practically the same, so that the oil is not the cause of it. 
When fVeosote alone was employed, the average absorption was 
certainly higher than when the mixtures were employed, but it would 
be unwise to state that Creosote penetrates bettor than the mixtures, 
although it may well be the case. 

On sectioning the sleepers it was found that with an absorption supe¬ 
rior to 5 lbs. per cubic foot the distribution of the oil was satisfactory. 

It should be noted here, that a satisfactory distribution of antiseptic 
does not nec(»s.sarily imply the complete saturation of the timber, but 
moans that a sufficient depth of penetration is secured to give protec- 
tion. Higher absorptions than 5 lbs. per cubic foot, in general, gave 
more satisfactory distributions and in some eases complete penetration. 

With absorjitions lower than 5 lbs. per cubic foot the sapwood was 
entirely penetrated but the distribution in the heartwood was erratic, 
in some cases only a surface treatment being obtained. 

'Fhe inlereiice, therefore, is that the nature of the wood either on 
account of its structure or its resin content or some other cause peculiar 
to the species tends to prevent unifonn absorption. It is at present, 
therefore, advisable to use only the Full Cell Process and impregnate the 
wood to refusal. 

The a\'erage absorption of oil should be in the neighbourhood of 7 
lbs. j>er cubic foot and a pressure of 175 lbs. per sq. inch should b« 
maintained for at least 30 minutes, this pressure being developed in the 
first half hour. 

Usually, in impregnating wood to a specification, the required quan¬ 
tity of oil is forced in irrespective of the time taken to inject this quantity, 
but, as is show n by these experiments, there is not much point in prolong¬ 
ing the pressure period beyond one hour, provided the maximum of 175 
lbs. per sq. inch has been reached and has been maintained for 30 minutes. 

[ 292 ] 



11 


Pabt X*] Wabb : A99am Timbers for Railway Sleepers, 

Unfortunately, the vacuum pump at Delira Dim is not capable of 
developing a higher vacuum than 17 inches which, corrected for altitude, 
will not be greater than 20 inches at sea level. It is therefore possible 
that slightly better results would be obtained when operating on a com¬ 
mercial scale, i.e., with a higher vacuum of about 24 inches a slightly 
heavier and more unifonii absorption might be obtained. 

The specification for treatment would therefore be,— 

Initial vacuum 20 to 24 inches developed in 30 minutes and maintained 
for a further 15 minutes. 

Pressure rising to 175 lbs. per sq. inch in 30 minutes and maintained 
for about 30 minutes or until required absorption is obtained, but not 
less than 30 minutes. 

Gross absorption of oil 7*5 lbs. per cubic foot. 

Pinal vacuum 15 inches for 10 to 20 minutes, to prevent dripping 
after removal of timber from cylinder. 

This will probably remove about *5 lbs. of oil per cubic foot giving 
a nett treatment of 7 lbs. per cubic foot. 




[ 293 ] 



12 


Indian Forett Beoards. 


[YouXt 


NOTE n.~-Ibporl on Treatmiit of Dipieroearpua pHoaua (hottang). 

One hundred and ninety-three metre gauge sleepers of this species were 
gent from the Lakhimpore district of Assam for treatment according to 
Project IV. 

They arrived on January 2nd, 1924 and after marking, were stacked 
in two piles, in a closed well-ventilated godown. 

On examination they proved to be very fair specimens but had 
developed a certain number of cracks either in transit or just after 
conversion. 

20 specimens, in ten matched pairs, were handed to the Timber Test¬ 
ing Section for tests on the treated and untreated sleepers. Ten were 
tested untreated, the other ten being kept by the Timber Testing Sec¬ 
tion until required for treatment by the Wood Preservation Section. 
After treatment they were returned to the Timber Testing Section. 

Twelve of the sleepers wore rejected as being unfit for use on 
account of cracking. 

The remainder were marked according to a scheme by which the first 
letters of the botanical name were cut on the broad surface furthest from 
the sapwood. 

Under these letters were cut the serial number of the species and the 
individual number of the sleeper, e.o. 

^ 4 1 told! • 

Tlie average moisture content on arrival was 64-3 per cent., the 
sleepers thus being quite green. They were adzed and bored before 
treatment. 

These sleepers were seasoned under the same conditions as Cynometra 
polyafidra {ping) until 27th March when their moisture content was 
58 per cent. They were then transferred to the Tiemann seasoning 
kiln in order to hasten the seasoning process and prepare them for treat¬ 
ment. 

They could only be kept in the kiln for ten days in which time the 
moisture percentage was reduced to 52 per cent, in the centre. The 
exterior was drier. 

It was decided to commence treatment on 28th April although the 
moisture content average was 43 per cent. Three charges were treated 
on consecutive days but the treatment was found to be very erratic, 
and, as this might be attributed to the high moisture content of the 
sleepers, it was decided to allow the timbers to dry out a little more. 

The treatment was recommenced on June 6th, the average moisture 
content being 39 per cent. The final charge was treated on June 28rd 
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when the average moisture percentage was 28*6 per oent.> shewing how 
rapidly this timber dries out in a suitably dry climate. 

As a summary it may be stated that from the beginning of January 
till the end of March ojdy 6 per cent, of moisture was lost. Ten da}rs 
in the kiln reduced the moisture percentage by another 6 per cent., or 
possibly a little more, as the interior of the sleepers was wet and on allow¬ 
ing them to stand in the godown they evened down to 43 per cent, after 
about fourteen days. 

During the whole of May they lost only about 5 or 6 per cent., the 
weather being unusually cool; but during June the moisture content 
was reduced from 39 per cent, to 29 per cent in foiirteen days or at a rate 
of 20 per cent, per month. This caused a slight opening of the wood 
and may be said to be a more rapid rate for air drying than is safe with 
such dense timbers. 

The kiln seasoning rate was approximately the same but resulted 
in no damage to the timbers as the humidity of the surrounding atmos¬ 
phere was under control, although the temperature of drying was higher 
than the temperature of the atmosphere in the godowns. 

Life Untbbated. 

Authentic records of the life of this timber untreated are rather meagre. 
In February 1917 six untreated sleepers ot Dipterocarpus pilosus were 
laid in the Eastern Bengal Railway in shingle or brick ballast. At the 
end of 1922 all sleepers shewed signs of cracking, two having developed 
very marked longitudinal cracks but none had been rejected. 

The timber however is not regarded as durable in exposed positions 
and a life of more than four years is not to be expected. 

Previous records. 

In 1915, 42 metre gauge sleej^ers were treated in open tanks with 
a mixture of Green Oil and Liquid Fuel Oil in the proportion of 9 to 11. 

They absorbed 7*4 lbs. per cubic foot and were laid in the Assam 
Bengal Railway in November of the same year. At the inspection in 
January 1925, 21 were placed in A class and 18 in B class while only 3 
had been rejected. 

The report stated that there was a certain amount of splitting at the 
ends which was the cause of 9 sleepers being placed in B class. The 
bottoms when inspected were seen to oe as good as the day when the 
sleepers were laid, even after nine jears service. 

142 sleepers treated under pressure with the same oil absorbed on 
an average 9-7 lbs. per cubic loot and were laid in the Assam Bengal 
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Railway line in October 1915. In January 1925, 67 were classed as A, 
51 as B, 13 as C and 11 had been rejected. A certain amount of 
splitting was again noted and there were some signs of dry rot in a few 
sleepers. 

49 specimens similarly treated were laid in the same system in 1916. 
They absorbed 9*7 lbs. per cubic foot. In January 1925, 34 were in 
A class, 8 in B class, 1 in C class and 6 had been rejected. The report 
stated that they presented a very favourable appearance. 

Mechanically, therefore, the timber appears to be strong enough 
to give at least 12 years’ life. 


Present experiments. 

Treatment was commenced on 28th April 1924. 

Experiment L —Sleepers treated with a mixture of 

50 per cent. Earth Oil and 50 per cent. Creosote by the Lowry Process. 

The average moisture content was 43*4 per cent but the moisture 
content varied in individual cases from 14 per cent to 65 per cent. 

The average Specific Gravity of the wood at the above moisture 
content was *81. 

A pressure of 160 lbs. per sq. inch was developed in half an hour until 
the gross absorption exceeded an average of 8 lbs. per cubic foot. 

A vacuum of 16 inches for J of an hour was afterwards developed in 
the cylinder. 

An average nett absorption of about 5*4 lbs. per cubic foot was re¬ 
tained by the sleepers. The variation in individual cases was from 
2*8 lbs. to 8*6 lbs. per cubic foot, nearly every sleeper retaining a 
difierent amount. 

Sleeper number 9 with a moisture content of 42 per cent., on being 
cut at the rail seat, was found to have oil throughout the timber. 
The ends were completely saturated for a considerable distance along 
the sleeper and the oil had also penetrated throughout the sleeper in the 
middle section. This sleeper retained 8*6 lbs. of oil per cubic foot. 

During seasoning, the resin in the wood had oozed from the ends so 
as to cover them. Sleeper number 14, which had no exuded resin on the 
ends, retained only 2*6 lbs. of oil per cubic foot although its moisture 
content was 4 per cent. On cutting under the rail seat it was found 
that the sapwood was entirely saturated and that the heartwood was 
mottled with oil throughout. The ends were completely saturated for a 
considerable distance along the sleeper. 

Experiment II .—Sleepers 
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The same oil as iu Experiment I was used and the sleepers were 
again treated by the Lowry Process. 

A pressure of 160 lbs. per sq. inch was developed in 30 minutes, the 
final vacuum being 16 inches for | of an hour. 

, The average gross absorption was 7 lbs. per cubic foot. 

The average moisture content of the sleepers was 40*5 per cent, with 
variations from 15 per cent to 111 per cent., this latter figure being 
doubtful. 

The average Specific Gravity of the wood was -81. 

The average nett absorption was 4*9 lbs. per cubic foot with variations 
from 3*6 to 7 6 lbs. of oil per cubic foot; rather less erratic than in Ex¬ 
periment I. 

Sleeper number 26 with a moisture content of 51 per cent., ab¬ 
sorbed only 3-6 lbs. per cubic foot but on being cut open was found to 
have oil in patches throughout the wood. Sleeper number 39 with a 
moisture content of 27-1 per cent, retained 7*6 lbs. of oil per cubic fool and 
on being cut open showed the same penetration. 

Ej'periment ///.—Sleepers ^ 

The above experiments were repeated, keeping the pressure on for 1 
hour and working up to 175 lbs. jier cubic foot. 

The average moisture content of the sleepers was 44 per oent. with 
variations from 24 per cent, to 65 per cent, and the average Specific 
Gravity of the timber was *81. 

The gross absor})tion obtained was an average of 8‘6 lbs. per cubic 
foot which was reduced to 5-9 lbs. per cubic foot by means of a vacuum 
of 17 inches for J hour. 

Variations in individual cases were from 4*3 lbs. per cubic foot to 
10*6 lbs. per cubic foot. 

Sleeper number 42 which retained 10*6 lbs. of oil per cubic foot was 
found to be rather sappy. Oil appeared regularly throughout the wood. 

Sleeper number 43 with 4*3 lbs. per cubic foot absorption, was found 
to have the oil in patches throughout. 

Although the nett amount of oil retained was higher than in the pre¬ 
vious experiments the variations were still present. These were probably 
caused either by variations in moisture content, or I y some character¬ 
istic of the wood. 

It was therefore decided to allow the remaining sleepers to season 
more thoroughly before continuing treatment. 

Experiment /7.—Sleepers ^86* 

Treatment was recommenced on June 6th after the sleepers had sea¬ 
soned in the godown for a month. The average moisture content was 
42‘6 per cent, with variations from 21 per cent- tQ 60 per cent, 
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The actual improvement in seasoning was not very great but the 
individual figures were not so widely difEerent as before. 

The Specific Gravity of the wood was *80. 

The antiseptic used was a mixture of Creosote 26 per cent, and Earth 
Oil 76 per cent, and the Lowry Process was again used. 

A pressure of 175 lbs. per sq. inch was developed in half an hour and 
maintained for a further hour. An average gross absorption of 8*5 lbs. 
per cubic foot was obtained which was reduced by a vacuum of 14 inches 
for 20 minutes, to an average nett retention of 6-2 lbs. of oil per cubic 
foot. The individual variations were from 4*6 lbs. of oil per cubic foot 
to 8*0 lbs. per cubic foot, being thus less marked than in previous experi¬ 
ments. 

Sleeper number G3 with moisture content of 41 per cent., retained 
G lbs. of oil per cubic foot which completely penetrated the sleeper. 

Sleeper number 76 with a moisture content of 48 per cent., retained 
4*6 lbs. per cubic foot. The sapwood was completely penetrated but 
the penetration in the heartwood was only slight. Oil oozed from the 
heartwood soon after cutting so that it is fair to assume that the oil lies 
in pockets, and that, if left for some days, it will distribute itself more 
evenly throughout the timber. 

Experiment F.—Sleepers , 

The average moisture content was 37 6 per cent, with variations from 
21 per cent, to 52 per cent. The sleepers were rai)idly drying out and 
the moisture contents becoming less erratic. 

The average Specific Gravity was -82. 

The oil used was a mixture of 25 per cent. Creosote and 75 per cent. 
Earth Oil injected by the Lowry Process. 

A pressure of 176 lbs. per sq. inch was developed in about 20 minutes 
and held for forty minutes. A final vacuum of 16 inches was applied 
for 40 minutes. 

The average gross absorption was 7*3 lbs. per cubic foot, and the 
average nett absorption 5*8 lbs. per cubic foot with variations from 
3*3 lbs. to 9*6 lbs. in individual cases. 

’Sleeper munber 89 with a moisture content of 24*6 per cent., retained 
5*6 lbs. of oil per cubic foot and was found to be completely impregnated. 

Sleeper number 107 retained only 3*3 lbs. of oil per cubic foot and on 
cutting was found to have the surface only treated. 

Experiment F/.—Sleepers ^ . 

The average moisture content was 30*9 per cent, which varied 
from 23 per cent, to 48 per cent, in individual cases. 

The average Specific Gravity was -SO* 
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The oil used was a mixture of SS per cent. Creosote and 67 per cent« 
Earth Oil and treatment was hj the Lowry Process. 

The TnaximiiTn pressure was 175 lbs. per sq. inch developed and main¬ 
tained for 1 hour and followed by a vacuum of 16 inches for 20 minutes. 

7%e average gross absorption was 9 lbs. of oil per cubic foot which 
was reduced by the vacuum to an average nett retention of 6*9 lbs. 
per cubic foot with variations from 3*6 lbs. to 11 lbs. per cubic foot. 

Sleeper number 110 with moisture content of 23 per cent., retained 
only 3*6 lbs. per cubic foot and on cutting was found to be completely 
penetrated. 

Sleeper number 114 with moisture contoit 26*6 per cent., retained 
6*3 lbs. of oil per cubic foot and was completely penetrated. 

Ten minutes after the pressure was put on, the wood absorbed 7 lbs, 
of oil per cubic foot, the pressure rising to 76 lbs. 

In the next ten minutes the pressure was raised to 125 lbs. and the 
amount of oil absorbed was approximately 1 lb. per cubic foot 
whereas during the next forty minutes with the pressure rising to 176 
lbs. per sq. inch, only 1 lb. per cubic foot was injected. Practically 
the whole of the absorption took place in the first twenty minutes 
with a low pressure. 

Experiment F/I.—Sleepers No. 

The average moisture content of the timber was 28*6 per cent, with 
variations from 15 per cent to 49 per cent., i.e., the sleepers were much 
drier and more uniform as regards moisture content than in the other cases. 

The Full Cell Process was employed using pure Creosote as the anti¬ 
septic oil. A preliminary vacuum of 18 imhes was drawn for forty 
minutes followed by a pressure period of 1 hour, with a maximum pressure 
of 175 lbs. per sq. inch. 

An average gross absorption of 12 lbs. per cubic foot was obtained 
which, by a slight final vacuum was reduced to an average of 10*2 lbs. 
per cubic foot. 

Variations in individual cases were from 6 lbs. per cubic foot to 14*6 
lbs, per cubic foot. 

Sleeper number 135 with a moisture content of 29*9 per cent., 
absorbed 8 lbs. per cubic loot and was completely saturated with oil. 

Sleeper number 151 with a moisture content of 15 per cent., ab¬ 
sorbed only 5 lbs. of oil per cubic foot but was completely penetrated. 

As in the former experiment, observations shewed that nearly all the 
absorption occurred in the early si^es of the pressure period, very 
little entering in the last 30 minutes. 

Experiment F///.— The sleepers treated were the specimens of Shorea 
aeeamioa {makai) and Dipterooarpus pUosus IhMofig) belonging to the 
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Timber Testing Section. They were treated with Creosote by the FnH 
Cell Process. 

The average moisture content was 28*2 per cent, with mdividual 
variations from 17 per cent to 43 per cent. 

The initial vacuum applied was 16 inches for 40 minutes, followed by 
a j)ressure period of one hour with a maximum pressure of 175 lbs. per sq. 
inch. 

The average gross absorption was 10*6 lbs. per cubic foot for the two 
species but as the absorption for Dipterocarpus pilosus was higher than 
for Shorea anaamim^ the gross absorption for the first species alone was 
probably over 12 lbs. per cubic foot. 

The average nett absorption for Dipterocarpus pihsus was 11 lbs, 
per cubic foot with variations from 8*6 Jbs. to 12-3 lbs. per cubic foot. 


Conclusions. 

From the above experiments it is clear that Dipterocarpus pilosus 
(hollong) is capable of being made to take up a considerable quantity 
of oil, which in many cases saturates the sleeper. 

From observations made when the timbers were sectioned it would 
appear that an absorption above 5 lbs. per cubic foot is sufficient to im¬ 
pregnate the wood throughout; with absorptions below 5 lbs. per 
cubic foot, the sapwood is thoroughly impregnated but the heartwood 
penetration is somewhat erratic. 

The absorption of oil by the sleepers was somewhat variable and this 
apj)oarB to be due not so much to the varying moisture content as to the 
nature of the wood. 

The wood contains a considerable quantity of resin which exudes from 
the wood during seasoning and probably accounts for the fact that the 
sleepers did not dry out or treat at all imiformly. 

As in the case of Cynometra polyandra (ping) the sleepers are more 
likely to dry uniformly in Assam, as they will dry there more slowly than 
in Dehra Dun, where the climate in June is very dry and promotes rapid 
and uneven seasoning. 

Since the wood treats erratically even when well seasoned it becomes 
questionable whether the Lowry Process is a safe one for this wood; 
on the other hand, the absorption in some cases is high and if the Full 
Cell Process is used, it will result in the wastage of a large quantity of 
oil. 

It is safer, therefore, to make a compromise and use a modified 
Lowry Process whereby only about 25 per cent, of the gross absorption 
is recovered. 


[ 800 ] 



Pabt X.] Ware : Assam Timbers for Railway Sleepers. 19 

When CSreosote alone was used a heavier absorption was obtained 
than with the Creosote and Earth Oil mixtures. The same was 
observed with Cynometra polyandra, which leads to the natural 
supposition that Creosote is the better penetrant. Whether this 
supposition will be borne out by later experiments remains to be seen. 

It was observed that the bulk of the absorption occurred in the very 
early stages of the pressure period but it is desirable to make this period 
as long as economical for two reasons, (1) so as to keep the timber under 
the sterilising influence of heat for as long as possible, (2) to even up 
the distribution of oil throughout the timber. 

The suggested specification would therefore be :— 

Modified Lowry Process using a slowly built up pressure attaining 
a maximum of 175 lbs. per sq. inch in about 30 minutes, to be held for 
about 15 minutes or until an average gross absorption of 9 lbs. per cubic 
foot has been obtained. 

A vacuum of 20 inches to 24 inches should then be applied for about 
30 minutes so as to reduce the absorption to an average of Of to 7 lbs. 
per cubic foot. The charging temperature of the oil should be about 
200® F. and the retort temperature about 180® F. 

The wood absorbs about 2 lbs. to 3 lbs per sleeper as the oil enters 
the cylinder, depending upon the time taken to fill it. 
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N01E IIL-*R«pMt on traatmeiil of Shorea MMmleo (maJM). 

Two hundred metre gauge sleepers from the Lakhimpur district of 
Assam were received at Dehra Dun on January Ist^ 1924. Th^ were 
stored in a well ventilated godown for purposes of seasoning observa* 
tions. On arrival they were quite green, containing 66 per cent, of 
moisture. 

Twenty sleepers in 10 matched pairs were taken by the Timber Test¬ 
ing Section for the purpose of strength and spike-holding tests. Four 
were rejected on account of bad cracking ; the remainder were marked 
in the usual manner under Project IV, namely 
adsed and bored to the Assam Bengal Railway template. 

The sleepers looked a very sound and promising lot, probably the 
best of the various species sent from Assam. The observations on 
seasoning in the godowns showed that very little drying if any had taken 
place by the end of March. Some of the sleepers were then removed to 
the kilns for artificial seasoning. The average moisture content of 
these sleepers before being put into kilns, was 70 per cent, which was 
reduced to 62 per cent, at the end of 14 days. Although the sleepers 
were drying more rapidly than in the godowns, no deterioration was 
obvious. 

Two charges of these sleepers were treated soon after removing from 
the kiln. It was however decided that the sleepers had not seasoned suffi¬ 
ciently uniformly to warrant further treatment, which was delayed until 
the middle of June. On the 5th of May, the average moisture content 
was reduced to 35 per cent, by further seasoning in the godown whereas 
it was reduced to 26 per cent, by the 8th of June and 24 per cent, by July 
Ist. 

Apart from the kiln seasoning period, the whole of the seasoning was 
done in the godown during the months of May and June, a little drjring 
taking place in April. 

Comparing the seasoning qualities of Shorea assamioa with those 
of other Assam sleepers, it would appear that this timber is likely to give 
a smaller percentage of degrade in seasoning than the others with the 
possible exception of Lagerstroemia Flos Regime and Terminalia 
myriooarpa ; practically no deterioration taking place when seasoned 
under cover. 

Life ontoeated. 

There are no authentic records of the life of this timber untreated 
but, considering its abundance in Assam, it is evidently not considered 
to be durable as it is not used for sleeper purposes without treatment. 
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Previous records. 

As far as can be ascertained this wood has not been treated before* 
hence there are no records of its life treated. 


• Present Experiments. 

As stated above, two charges were treated immediately after their 
removal from the kiln but the treatment was discontinued to allow of 
more thorough seasoning. 

Experiment /.—Sleepers No. 

The charge was treated by the Lowry Process with a mixture of 50 
per cent. Creosote, 50 per rent. Earth Oil. The maximum pressure 
applied was 176 lbs. per sq. inch which was kept up for hours. 

This was followed by a 20 inches vacuum for J hour. Although the 
average moisture content of the charge was 36 per cent., the individual 
sleepers varied from 19 per cent, to 60 per cent, in moisture content. 

The average Specific Gravity of the Charge was *69. 

The average gross absorption obtained was 5*41 lbs. per cubic foot 
which was reduced by the vacuum to an average nett absorption of 6*4 
lbs. per cubic foot. This varied in individual cases from 4 lbs. to 7 lbs. 
of oil per cubic foot, a fairly uniform treatment. 

Sleeper number 2 with a moisture content of 22 per cent., absorbed 
6*6 lbs. per cubic foot. On cutting the sleeper at the rail seat it was 
found that the impregnation was almost complete, the penetration from 
the spike holes being very noticeable. 

An end penetration of 10 inches was obtained and, in the middle of the 
deeper, a | inch penetration all round. 

Sleeper number 8 with moisture content of 37 per cent., absorbed 
only 4 lbs. of oil per cubic foot.- On cutting in the middle a J inch 
penetration all round was observed and similarly at the rail seat. The 
end penetration was about 10 inches and was particularly effective 
round the spike holes. 

Experiment //.—Sleepers No. ^40 • 

Owing to the small absorption and penetration of the previous batch 
it was thought advisable to treat the succeeding batches by the Full 
Cell Process. 

The oil used was a 50-50 mixture of Creosote and Earth Oil. 

The average moisture content was 29*9 pe^ cent, with individual 
variations from 16 per cent, to 70 per cent. This is too great to give 
uniform results. 

The average Specific Gravity of the wood was *64, 
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The preliminaTj vacuum was 16 inches for hours followed by a 
pressure period of 2| hours during which time a maximum pressure 
of 175 lbs. per sq. inch was obtained. An average absorption of only 
4*6 lbs. per cubic foot, with individual variations from 3 lbs. to 7-3 Ibs. 
per cubic foot, was obtained. 

Sleeper number 22 with a moisture content of 68 per cent., absorbed 
7*3 lbs. of oil per cubic foot. On cutting this sleeper in the middle, the 
oil was found to have penetrated about J inch all roimd. At the rail 
seat, the section was mottled throughout with oil which had penetrated 
about 12 inches along the grain from the end. 

Sleeper number 37 with a moisture content of 66 per cent., absorbed 
only 3*3 lbs. per cubic foot. On sectioning the sleeper, the treatment 
was found to be practi^lly a surface one. The penetration from the 
s{>ikeholeB was however good and the end penetration was found to be 
about 10 inches. 

Experiment ///.—Sleepers No. . 

The Full Cell Process was used with a mixture of 33 per cent. Creosote 
and G7 per cent. Earth Oil. A preliminary vacuum of 16 mches was 
applied for 40 minutes followed by a pressure period of 1 hour 35 
minutes, during which time the pressure rose to a maximum of 
175 lbs. per sq. inch. The average moisture content of the charge was 
28percent, with variations from 7 per cent, to 50 per cent., both these 
figures being somewhat doubtful. The average absorption was 6*4 lbs. 
of oil per cubic foot, varying from 4 lbs. to 12 lbs. per cubic foot in 
individual cases. 

Slee])er number 53 with an absorption of 4 lbs. of oil per cubic foot 
and a moisture content of 26-7 per cent., showed surface treatment only 
in the heart wood. The end penetration as before, was good. Sleeper 
number 58 with an absorption of 7 lbs. per cubic foot and a moisture 
content 0125*8 per cent., showed that the sapwood was completely 
})enetrated. The heartwood was impregnated to a depth of J inch 
and the end penetration was about 6 inches. 

About 3 lbs. of oil per cubic foot were injected in the first five minutes 
of the pressure period, the pressure meanwhile rising to 100 lbs. per sq. 
inch.^ Still maintaining the pressure at 100 lbs. per sq. inch, about 1 lb. 
per cubic foot was injected in the next five minutes. During the next 
hour and ten minutes although the pressure rose to 175 lbs. per sq. inch 
only about 2*5 lbs. per cubic foot more were injected. Thus, practically 
all the absorption was obtained in the first hour. 

Experiment /F.—Sleepers No. 

The Lowry Process was used with a pressure of 175 lbs. for 45 minutes 
followed by a vacuum of 14 inches for 20 minutes, the antiseptic 

£ 804 ] 



23 


Vakt X.] WiJKB: Auam Timbers for BaUway Sleepers* 

being a mixture of 83 per cent. Creoeote and 67 per cent. Earth Oil. 
The average moisture content of the timber was 26*9 per cent, with 
variations from 11 per cent, to 42 per cent. 

The average Specific Gravity of the charge was *67. 

The average gross absorption obtained was 6 lbs. of oil per cubic 
foot which was reduced to 6*7 lbs. per cubic foot by the vacuum. The 
variations in individual cases were from 3*6 lbs. to 9*3 lbs. per cubic 
foot. On cutting sleeper number 72 with an absorption of 5*6 lbs. per 
cubic foot and a moisture content of 26 per cent., it was found that one 
sappy comer was completely saturated; the side penetration varied from 
I indi to \ inch with a 6 inches penetration from the ends. 

Sleeper number 83 with an absorption of 4 lbs. pei; cubic foot, and a 
moisture content of 19 per cent., showed a normal side penetration of 
^ mch and an end penetration of about 6 inches. 

As in the previous experiment, the wood took up from three to four 
pounds per cubic foot while the pressure rose to 100 lbs. per sq. inch in 
about 15 minutes. The remainder of the pressure period was responsible 
for the rest of the oil which was still slowly entering the wood at the end 
of the pressure period. 

Experiment F.—Sleepers No. • 

This batch of sleepers was treated by the Full Cell Process using 
Creosote as the antiseptic oil. 

A preliminary vacuum of 16 inches was applied for 40 minutes 
followed by a pressure period of 40 minutes, during which time the 
pressure rose to a maximum of 165 lbs. per sq. inch. 

The average moisture content of the sleepers was 21*2 per cent, with 
variations from 14 per cent, to 37 per cent. 

The average Specific Gravity of the charge was *67. 

The average absorption was 6*6 lbs. of oil per cubic foot, varying 
from 1*6 lbs. to 13 lbs. per cubic foot in individual cases. 

The pressure in this experiment was not kept on sufiiciently long to 
ensure that refractory specimens had taken up as much oil as they 
could be made to do, hence the wide variation in absorption in indivi* 
dual sleepers. In fact, over 1 lb. of oil per cubic foot was still going into 
the timber in five minutes, when the pressure had to be discontinue ow¬ 
ing to a breakdown in the plant. 

Sleeper number 86 with a moisture content of 17 per cent., absorbed 
only 3 lbs. per cubic foot. The penetration was only a little more 
than ^ inch on the side and 4 inches on the end. 

Sleeper number 107 absorbed 5*6 lbs. per cubic foot, with a moisture 
content of 13*8 per cent. The sapwood was completely penetrated but 
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the heertwood only to a maximum depth of I inch. The end penetca* 
tion was satisbctory. 

The pressure was raised slowly during the experiment. During 
tile first five minutes a little more than 1 lb. per cubic foot was 
absorbed with the pressure at 10 lbs. only. In 30 minutes, the pressure 
had risen to 100 lbs. during which time the absorption was just under 
6 lbs. of oil per cubic foot. During the next ten minutes the absorption 
was about 1 lb. per cubic foot and the pressure had risen to 160 lbs. per 
sq. inch. The wood was thus still taking the oil when the pressure had 
to be discontinued. 

The penetration of oil into wood always lags behind the pressure and 
it is necessary, in order to obtain maximum penetration, to keep on 
the pressure for sbme time after the maximum absorption has been 
reached. 

In this experiment, oil was still going into the wood when the pressure 
was released and therefore maximum penetration had not been obtained. 

Experiment VI.—Sleepers No, ^ 129 • 

This experiment was a duplicate of Experiment V but a pressure of 
160 lbs. only was developed for twenty minutes. 

The average moisture content was 30*1 per cent, with variations from 
14 per cent, to 50 per cent. The average Specific Gravity of the timber 
was *67. In this experiment, as in the last, oil was still entering the 
wood at a rate of about I lb. per cubic foot every five minutes, when 
the pressure was stopped. 

The average absorption was 6 lbs, per cubic foot which could have 
been appreciably increased by a longer pressure period. Individual 
variations ranged from 2*6 lbs. per cubic foot to 12 lbs. per cubic loot. 

Sleeper number 119 with a moisture content of 36*4 per cent., ab¬ 
sorbed only 2*6 lbs. per cubic foot which gave a surface treatment only. 
Sleeper No. 129 with a moisture content of 50 per cent., absorbed 6 lbs. 
per cubic foot. The sapwood was completely penetrated but the heart- 
wood surface was affected to a depth of ^ inch only. 

Experiment VII .—Sleepers No. 

The oil used was a mixture of 25 per cent. Creosote and 75 per cent. 
Earth Oil injected by the Full Cell Process. 

The initial vacuum was 16 inches for 55 minutes followed by a 
pressure period of 100 lbs. for 45 minutes. 

The average absorption was 4*8 lbs. per cubic foot with variations 
from 2*6 lbs. per cubic foot to 10*3 lbs. per cubic foot. 

The average moisture content wae 20*4 per cent, with variations from 
11 per cent, to 28 per oent. 
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^•^odh the same remarks apply to this experiment as applied to Ex- 
petimenta VI and V namely, that the pressure was not sufficient nor 
applied for a sufficiently long period to ensure satisfactory results. 

Sleeper number 139 with a moisture content of 18*9 per cent., ab¬ 
sorbed 4*6 lbs. per cubic foot. The sapwood was completely penetrated but 
the heartwood was impregnated to a depth of only ^ inch or so. 

Experiment F/i/.—Sleepers No. - * 

The oil used was a mixture of 25 per cent. Creosote and 75 per cent. 
Earth Oil injected by the Lowry Process. The maximum pressure at¬ 
tained was 175 lbs. per sq. inch of hours duration. 

This was followed by a vacuum of 15 inches for 20 minutes. 

The resulting nett absorption was 4*9 lbs. per cubic foot, which varied 
in individual cases from 2*3 to 7*3 lbs. per cubic foot. 

The average moisture content was 26*8 per cent, with variations 
from 16 per cent, to 33 per cent, in individual cases. 

The average Specific Gravity of the charge was *70. 

Sleeper number 163 with a moisture content of 25 percent., absorbed 
2*3 lbs. per cubic foot. A surface treatment only was obtained. 
Sleeper number 156 with a moisture content of 22*9 per cent., absorbed 
4*6 lbs. per cubic foot. The penetration on the side was found to be 
I inch and on the end 8 inches. 

The maximum pressure in this experiment was reached in about 
4G minutes. Alter one hour, no more oil was entering the wood and the 
pressure was discontinued after a further 15 minutes. 

Conclusions. 

From the above experiments it is apparent that Shorea aasamica is 
not an easy wood to treat, at least uniformly; but it will be apparent 
on scrutinising the experimental data that more uniform results were 
obtained with long pressure periods than with short periods, although 
the average absorptions do not differ greatly in the two cases. 

Agam, no rule with regard to moisture content can bo deduced from 
the behaviour of these sleepers. As in previous experiments on other 
species, some sleepers with a moisture content of over 30 per cent, were 
satisfactorily impregnated and vice versd. As pointed out in a proceed¬ 
ing note this is rather contrary to accepted theories, but it may well 
be that since our method of determination of moisture content rejects 
the first layer to a depth of J inch, the surface of the sleeper may be 
much drier than is indicated by the percentage moisture content of the 
interior which is the portion explored by our method of taking 
borings. 
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The most siriking thing in these experiments was the condition 
of the sleeper at the rail seat when adzed and bored before treatment. 
Even with an average absorption of 3*3 lbs. per cubic foot the pene- 
tration from the spike holes was sufficient to give good protection at this 
important point. The penetration from the ends of the sleeper is in the 
neighbourhood of 6 inches and this fact should be taken advantage of 
by adzing and boring before treatment. 

As in previous experiments, the treatment with Creosote only, showed 
that wood is more easily penetrated by this oil than by the mixtures, 
but unfortunately no data were obtained to show the maximum average 
amount which could be injected. 

The results show that impregnations under 5 lbs. per cubic foot are 
not satisfactory, as even with heavier impregnation the side penetration 
is only about I inch. Some specimens are capable of taking up a good 
deal more than this and a 7-lb. treatment gives satisfactory results. 

For the present therefore, the Full Cell Process is advised, using a 
preliminary vacuum of 20 inches to 24 inches for | hour. 

The pressure should reach its maximum in about one hour, and be kept 
on until an average absorption of at least 6 5 lbs. per cubic foot is ob¬ 
tained. The probable time will be in the neighbourhood of two hours so 
that not more than 3 charges per day of 10 hours could be got through 
on a commercial scale. With regard to moisture content it is advis¬ 
able to season until this is below 30 per cent. Such a moisture content 
can be attained even in a dry climate without deterioration provided the 
timber is not exposed to the sun. 
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NOTE IV.—A note on tke treatment of DiUenia indiea (oienga)» 

Two hundred metre gauge sleepers of Dilleiiia indiea {otenga) ^eie 
received from the Sibsagar Division of Assam on the 2nd January 1924. 

These were marked in accordance with Project IV, vir., — ~ npw«M> ' 

Ten sleepers were rejected on arrival on account of bad cracking. 
From the remainder, twenty sleepers in ten matched pairs were handed 
over to the Timber Testing Section for experiment. The odd 
numbers were then piled in the godown in open crib and the even numbers 
in closed crib for seasoning observations. 

During the months of January, February, March and April the sleepers 
seasoned very slowly, losing on an average IJ per cent, of moisture per 
month. During May, the rate of seasoning increased to 20 per cent, 
with the result that about 20 sleepers were rejected on account of bad 
splits. This result seemed to be independent of the two methods of 
piling, shewing that both are much too open for the hot weather. 

The even numbers were removed to the Tiemann kiln in the early 
part of June. 

The moisture content was reduced from 59 per cent, to 29 per cent, 
in 32 days without any degrade. 

The odd numbers wore afterwards dried in the same manner from 
44 per cent, to 29 per cent, in 18 days with x>erfoct safety. 

It is therefore apparent that the wood dries rapidly in a hot dry at¬ 
mosphere but is liable to crack unless the rate of drying is properly con¬ 
trolled. 

It is advisable on this account to pile the sleepers in close formation, 
allowing about an inch of space between successive sleepers in the layer 
and protecting the piles from the direct rays of the sun. 

Life untreated. 

From authentic records of the behaviour of untreated sleepers of 
this species it appears that the wood is not durable in the track, the 
average life being about 3 years. 

P REVIOUS RECORDS OF TREATMENT. 

In 1915, the Forest Economist carried out experiments on the treat¬ 
ment of this species with a mixture of 45 per cent. Creosote and 65 per cent. 
Earth Oil in open tanks. The sleepers were afterwards laid in the 
Assam Bengal Railway. 
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The sleepers absorbed about 9 lbs of oil per cubic foot on tha * 

and when last inspected, after eight years^ service, showed that fm 
cent, were still sound. 

Detailed reports however, show that deterioration in the majority 
of cases is due to cracking and a longer life than 12 years is not antioi^ 
pated on this account. 


Present Experiments. 

Experiment /.—Even numbers from \ to except 14, 20, 

24 and including , 

The sleepers were treated with 25 per cent. Creosote and 75 per cent. 
Earth Oil by the Full Cell Process. The average moisture content of 
the sleepers was 9*5 per cent, with variations from 5 ])er cent, to 24 per 
cent, in individual cases. 

The average Specific Gravity of the wood was *60. 

The initial vacuum was 18 inches for one hour followed by a pressure 
period of one hour during which lime the pressure rose to 175 lbs. per sq. 
inch. 

The aveiage absorption was 19 lbs. of oil per cubic foot with vari¬ 
ations from 7 lbs. to 2C lbs. per cubic foot. Sleeper number 10 on 
being cut shewed complete penetration The moisture content was 4*8 
per cent, and the nett absorption 7 lbs. per cubic foot. 

Tlie pressure was raised slowly and evenly throughout the treatment 
but, in the first five iiimutes, while the jiressure rose to 10 lbs. per sq. 
inch, approximately 9 lbs. of oil }>er cuh.c foot were injected. The rate 
subsequently fell off until during the last five minutes the oil was being 
pressed in at the rate of about -25 lbs. })er cubic foot. 

The w^ood how'over, w'as not inipregnatiMl to refusal. 

Experiment II.- Even numbers to The oil used w^as 

a mixture of Earth Oil and (Veosote in the proportions of Creosote 33 
per cent, to Earth Oil r»7 per cent, and was injected by the Lowry Process. 

The average moisture content of the sleepers was 10-5 per cent, with 
variations from 4*4 per cent, to 17-G per cent. 

The average Specific Gravity of the wood was GO. 

The pressure was raised to 175 lbs. ]>er sq. inch during 1 hour and was 
followed by a vacuum of 16 inches for 40 minutes. The nett asborption 
was on an average 18*8 lbs. per cubic foot with variations from 12 lbs. to 

25 lbs. Cons deling that the minimum absorption was 12 lbs. per cubic 
foot no sleepers were cut open aa the impregnation was undoubtedly 
complete. 
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Within five minutes of the application of pressure, about 7 lbs. of oil 
per cubic foot was absorbed, the pressure rising to 10 lbs. per sq. inch. 
Puring the next 5 minutes, a similar amount was absorbed, the pressure 
rising to 50 lbs. per sq. inch. The rate then gradually fell off until, in 
the last 5 minutes with the pressure at 175 lbs. per sq. inch, less than 1 
lb. of oil per cubic foot entered the wood. It was not however treated 
to refusal. 

Experiment ///.—Even numbers except 

The antiseptic used was a mixture of 50 per cent. Creosote and 50 
per cent. Earth Oil injected by the Lowry Process. 

The moisture content averaged 10-3 per cent, with variations from 
8*2 per cent, to 15 per cent. 

The ])ros8ure was raised to 95 lbs. per sq, inch in 9 minutes and was 
followed by a vacuum of 15 inches for 40 minutes. 

During the pressure period the nett absorj>tiori was an average of 
13*7 lbs. of oil per cubic foot with variations from 4*G Its. to 24 lbs. per 
cubic foot. 

Sleeper number 122 on being cut showed that an absorption of 6*3 
lbs. per cubic foot gave complete penetration. 

This experiment together with the previous ones, supports the conten* 
tion that the bulk of the ab8or])tion takes place in the first few minutes. 

Experiment IV .—Odd numbers excluding 19 and 21. 

A mixture of 25 per cent. Creosote and 75 per cent. Earth Oil was used 
as an antiseptic, impregnation being by the Lowry Process. 

The average moisture content of the batch was 12-7 j>er cent, with 
variations from 5*8 per cent, to 18*9 per cent. 

As before the average Specific Gravity of the charge was *60. 

Impregnation was finished in 8 minutes under a pressure of 50 lbs. 
per sq. inch followed by a vaejuum of 16 inches for 28 minutes. 

The average absorption was 9*8 lbs. per cubic foot with variations 
from 5*6 lbs. pel cubic foot to 15*3 lbs. per cubic foot. 

Sleeper number 23 with a moisture content of8*3j)er cent., absorbed 
12 lbs. per cubic foot and was seen to be completely jienetratod. 

Experiment F. —Odd numbers ^ except 56 and 65. 

The antiseptic used was a mixture of 33 per cent. Creosote and 67 per 
cent. Earth Oil injected by the Lowry Process. The average moisture 
content of the charge was 17*4 jier cent, with variations froni 13 per 
cent, to 23 per cent. The average Specific Gravity of the charge was *60, 

The pressure employed was 25 lbs. per sq. inch for 10 minutes followed 
by a vacuum of 16 inehes for 30 minutes^ During this time the 
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timber abi»orbed an average of 9*5 lbs. of oil per cubic foot which varied 
from 6*3 lbs. to 13*6 lbs, per cubic foot in individual cases. 

From previous experiments it is seen that 6 lbs. of oil per cubic foot 
penetrate the whole of the sleeper so that it was not necessary to cut 
these sleepers nor those in subsequent experiments. 

Experiment VL —Odd numbers except 105 and 111. 

The antiseptic used was a mixture of 50 per cent. Creosote and 50 per 
cent. Earth Oil injected by the Lowry Process. 

The average moisture content was 19*3 per cent, with variations 
from 13*4 per cent, to 30 per cent. The Specific Gravity was *60. 

The pressure was raised to 25 lbs. in 5 minutes followed by a vacuum 
of 16 inches for 45 minutes. During the pressure period the amount 
of oil absorbed was 9*1 lbs. per cubic foot on the average, varying 
from 6-3 lbs. to 12*3 lbs. per cubic foot. This quantity of oil is 
sufficient to impregnate the slee})er throughout. 

Experitneni VII .—Sleepers number - — J - _and 

Timber Testing Specimens 1 to 10. The oil used was Creosote injected 
by the Lowry Process. 

The pressure used was 15 lbs. per sq, inch for 25 minutes followed by 
vacuum of 15 inches for 30 minutes. The resulting absorption was an 
average of 10*7 lbs. per cubic foot with variations from 6*3 lbs. to 14*6 
lbs. per cubic foot. 

The moisture content averaged 15*7 per cent.with variations from 10-8 
to 23*5 per cent. 


Conclusions. 

It will bo observed that the average moisture content altered slightly 
during the course of the experiments which were started just as the rains 
commenced. 

The maximum moisture content however was not raised showing that 
only the drier members absorbed moisture. As the humidity was at 
times 100 pet cent, and never lower than 80 per cent.,Jit would appear 
that it is quite possible to season wood to below 30 per cent, even in the 
wettest climate, although the process may be a slow one. 

From the experiments, it is obvious t^t it is a very simple matter to 
treat DiUenia indica to refusal under pressure, and that, long before the 
point of refusal is reached, the wood is saturated with oil. Even with less 
than 6 lbs. of oil per cubic foot the wood appears to be impregnated 
throughout. 

The difBbculty seems to be to control the amount injected, for, since 
the wood is impngnated throughout, the oil is not drawn out by the finnl 
vacuum, there being no air present in the cells to force it ouL 
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The wood offers a chance of success for the Sueping Process as this 
process would undoubtedly recover a large percentage of oil even 
though the gross absorption was heavy. 

Again, since the wood is so easily treated it is not an economic pro¬ 
position to allow the wood to remain in the oil sufficiently long to be¬ 
come sterilised. This however is offset by the complete impregnation 
which would ])revent any development of fungus even if the wood were 
previously infected. Moreover, since the mechanical life of the wood 
does not a])pear to be more than 12 years it w^ould probably be safe to 
employ a mixture containing less Creosote and give the wood a fairly 
heavy treatment. 

The specification for treatment would therefore be— 

Process .-—Lowry with highest recovery possible, viz., vacuum of 24 
inches for 45 minutes. 

Gross Imj)reynatioii.~AO lbs, per cubic foot with possible recovery to 
7 lbs. ])er cubic foot. The pressure should not exceed 15 lbs. per sq. inch 
which should prove sufficient for injecting the required amount of oil 
in 30 minutes. The total treating period should not exceed 1 hour 30 
minutes which would give 5 charges per working day. If the Kueping 
Process is employed a preliminary air jiressure of 60 lbs. per sq. inch 
should be developed and a gross absorption of 10 lbs. ])er cubic foot 
aimed at. Probably the final vacuum could bo dispensed with as the 
imfirisoned air would ex])and sufficiently to reduce the nett absorption 
to 7 lbs. per cubic foot. 
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NOTE V.—'Report on treatment of Bisehoflajaumtea (urlom). 

Two hundred metre gauge sleepers of this species were smt from the 
Sibsagar division of Assam, for treatment according to Project IV. 

They arrived on January 2nd, 1924, at Dehra Dun, and were, after 
rejecting the badly cracked sleepers, marked and stacked in two piles 
in a roofed well-ventilated godown. 

On inspection, they appeared to be fair specimens for the species but 
had developed, either in transit or in the jungle after conversion, a certain 
number of cracks. 

Twenty specimens, in ten matched pairs, were handed to the Timber 
Testing Section for mechanical tests on the treated and untreated sleepers. 
Ten were tested untreated; the remaining ten were treated with pure 
Creosote and returned to the Timber Testing Section. 

About thirty of the sleepers were rejected as being unfit for use on 
account of bad longitudinal cracking which seems to be characteristic of 
the species. The remainder were marked according to a scheme, by which 
the first letters of the botanical name were cut on one broad surface 
towards the heart. Under these letters were cut the serial number of the 
species according to Project TV and the individual number of the 
sleeper, W 2 ., - They were adzed and bored before treatment. 

The average moisture content on arrival was about 96 per cent., 
the sleepers being thus quite green. These sleepers were seasoned under 
the same conditions as the other Assam sleepers, until their moisture 
content went down to 18 per cent, by the end of June. 

On 3rd July, all the sleepers, except sleepers 1-36, were transferred 
to the Tieraann seasoning kiln. They were kept for 22 days in the kiln, 
in which time, the moisture content was reduced from 18 per cent, to 9*6 
per cent. They were then taken back to the godown and allowed to 
air-season again for about 10 days prior to treatment. During this 
period, due to the high humidity prevailing, the wood absorbed mois¬ 
ture again, but the distribution of moisture in the cross-section of the 
sleepers tended to become more uniform. 

It was decided to commence treatment on 13th August, by which 
time the moisture content went up nearly to 20 per cent. The seasoning 
was very rapid in June. As the moisture contents of the individual 
sleepers of the first charge appeared to be fairly uniform, treatment of 
this species was continued. 

Recapitulating, it may be stated that from the beginning of January 
till the end of April, only about 40 per cent, of the moisture was lost, 
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At the beginning of June, the moisture content was about 40 per cent, 
and it came down to about 18 per cent by the end of June. During the 
ten days the sleepers were in the godown, prior to treatment, the moisture 
content of the sleepers became uniform at about 15 per cent, to 20 per 
cent. 

The evaporation in Juno was obviously too rapid for this timber which 
has a tendency to crack badly and hence, uriam Blee))er8 should be close 
piled during the dry season. The total degrade, under the conditions 
described above, was about 17*5 per cent. It should be noted that under 
these conditions no sleepers were rejected owing to fungus or borer 
attack as they were stacked in a roofed godown on elovaietl tarred 
paving block flooring. It may be mentioned that the degrade was not 
augmented by kiln seasoning as the rate of evaporation is controllable 
in a kiln, and it was kept deliberately low, as shown by a reduction in mois¬ 
ture content of only 6 per cent, in 22 days. 

Life mrrREATED. 

Authentic records of the life of this timber, untreated, are rather 
meagre; it has never been used on a large scale for railway sleepers except 
in upper Assam. The untreated life of this sleeper is about 5 years. 

The timber is not regarded as durable in exposed positions, and it 
has, like the members of the Terminalia family, the tendency to crack 
badly. But the oil treatment of well-seasoned sleepers, due to the water¬ 
proofing action obtained, is expected to reduce the tendency to check and 
split. 

Previous records. 

This wood does not appear to have oeen treated so that no records 
of treated life are extant. See Indian Forest Records, Vol. VI, Pt. IV, 
page 85 for a very small experiment. 

Present experiments. 

Treatment was commenced on 15th August 1924. 

Details of chemical analyses of the Creosote and Earth Oil, used in 
the experiments, are appended to this rei)ort. See Appendices A and B, 

For details of the present experiments, vide Appendix V. 

ExperimerU L —Sleepers Nos. 6 , 7 and 17 were rejected 

owing to bad cracks. The sleepers were treated with a 50 per cent, 
mixture of Creosote and Earth Oil by the Full Cell Process. 

The average Specific Gravity of the wood, corresponding to an 
averse moisture content of the charge of 19 per cent., was *68. 

[ 318 J 



S4 Indum Forett Beoards. [Vox*. 

The mdstore content varied, in individual cases, from 13 per cent, 
to 28 per cent. 

A pressure of 175 lbs. per sq. inch was developed in 30 minutes, 
and maintained for a further 1 hour and 20 minutes. During the last 
50 minutes of the pressure period, there was practically no absorption. 
The gross absorption was 6 0 lbs. per cubic foot. 

A vacuum of 13 inches for 20 minutes was afterwards developed in 
the cylinder, reducing the average nett absorption to 5*4 lbs. per cubic 
foot, with variations in individual cases from 2 lbs. to 9*7 lbs. per cubic 
foot. 

Sleeper number 1, with moisture content 16*8 per cent., was cut at 
the rail seat, and it was found to have all the sapwood, which was 40 per 
cent, of the cross section, completely impregnated. The heartwood had 
absorbed practically nothing, the end peniration hardly amounting to 
an inch. This sleeper had retained 7*3 lbs. per cubic foot. 

Sleeper number 9, ith a moisture content 21*6 per cent., was cut in a 
similar way and it was found again that only the 30 per cent, sapwood 
portion of the sleeper had absorbed oil, there being practically no pene¬ 
tration into the heartwood. This sleeper had retained 5*7 lbs. per cubic 
foot, which is about the average figure for the charge. This average 
figure, from the absoryition point of view, affords no clue w^hatever to 
relative jienetration but it is more an index of the average percentage 
of sap-wood in the sleepers of a charge of this wood. 

Sleepers number 14 and 21, with average moisture contents of 19*1 
per cent, and 21*8 per cent, respectively, were cut at the rail seat. 
The former had absorbed 9-7 lbs. per cubic foot, consisting as it did of 
60])er cent, sapwood,' which was completely saturated. The latter 
had absorbed only 2 lbs. per cubic foot, the poor absorption being ex¬ 
plained by the low proportion of sapwood it contained. 

Experitnent II.- Sleepers 

The same oil as in Experiment 1 was used, but the sleepers were 
treated by the LowTy Process. 

A pressure of 175 lbs. per sq. inch w^as developed in 25 minutes, and 
maintained for a further 1^ hours; the fimal vacuum was 13 inches for 
20 minutes. 

The average gross absorption was 6*7 lbs. per cubic foot. 

The average Specific Gravity of the wood was *64, corresponding to 
an average moisture content of 16*9 per cent., with variations in individual 
cases from 11*7 per cent, to 25*7 per cent. 

The average nett absorption w'as 4*2 lbs. per cubic foot, varying from 
1*0 lb. to 7*7 lbs. per cubic foot, the absorptions being very erratic as in 
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Experiment I, not due to variations in moisture content, but to the 
difEerent proportions of sapwood in the various sleepers of the charge. 

Sleepers number 29 and 32 were cut at tlie rail seat and the heart- 
wood was found to have absorbed practically nothing. No. 29, mois- 
. ture content 12‘3 per cent., absorption 7*7 lbs. per cubic foot, had 60 
per cent, sapwood and No. 32, moisture content 25-7 per cent., absorp¬ 
tion 5*7 lbs,, had 25 per cent, sapwood. 

Sleepers number 41 and 46 with absorptions of 1*3 lbs. and 2*7 
lbs. per cubic foot (below the averobge figure for the charge), w^ere similarly 
cut open and the penetration examined. The former had no sapwood and 
the latter contained 10 per cent, sapwood which had oil throughout. 

Experiment 

Sleepers number 62, 6b and 69 were rejected owing to cracks. 

The oil used \ras a mixture of 1 part of Oreosote with 2 parts of 
Earth Oil. The sleepers were treated by the Full Cell Process. They 
got wot j ust prior to treatment, during transit from the godown to the 
laboratory. 

The average Specific Gravity was *65 corresponding to an average 
moisture content of 18*3 per cent, with variations from 13 per cent, 
to 24*3 j)er cent, in individual cases. 

A pressure of 175 lbs. per cubic foot was developed, very gradually, 
in an hour, and maintained for a further ten minutes. It should be 
observed that all the absoq)tion took place within the first 10 minutes 
of the pressure period, under a pressure of 50 lbs. per sq. inch ; in the sub¬ 
sequent 65 minutes at higher ])res.Mires, there was not even a gallon of 
absorption by the whole, charge of ideejie 

The average gross absorption of the charge was 3*5 lbs. per cubic 
foot. A vacuum of 18 inches for 15 minutes, was applied subsequently, 
and the average nett absorption amounted to 3*14 lbs. ])er cubic foot, 
with variations from nothing to 8 lbs. per cubic foot. 

Six out of the twenty sleepers of the charge retained one pound or less 
per cubic foot, two of them absorbing nothing. Sleepers 68 and 60 were 
cut open, as before. The former, with a moisture content of 17*9 per 
cent., had retained 8 lbs. x>^r cubic foot, and the latter, with a moisture 
content of 18*4 per cent., had 6 lbs. per cubic foot. Sleeper No. 68 had 60 
per cent, sapwood which was completely impregnated ; in the heartwood, 
however, there was no oil. 

Sleeper number 60, with 40 per cent, sapwood, showed a similar 
result. 

Sleepers number 60 and 66, retaining 4*3 lbs. and 2*0 lbs. per 
cubic foot respectively, were also cut open, and the same phenomenon 
observed, only the 6 per cent, sapwood of the former absorbing oil, and 
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tiie Utter with practically no sapwood, showed a low absorption and 
surUce treatment only. 

The moisture content of the two sleepers was 22*0 per cent, and 
17*6 per cent, respectively. 

Bxperinmt IV.-^Xwspexa ,,^5^-55-. 

Sleepers number 84 and 8G were rejected owing to bad longitudinal 
cracks. Sleepers number 81 and 87 were also cracked rather badly. 

The average Specific Gravity of the wood was *64, corresponding 
to an average moisture content of 14-8 per cent., varying in individual 
cases from 11*5 per cent, to 21*9 x>er cent. 

The same oil as that used in Experiment III was used, but the sleepers 
were treated by the Lowry Process. 

A pressure of 175 lbs. per sq. inch was developed in about 25 minutes, 
and maintained for a further 45 minutes; a final vacuum of 16 inches 
for 25 minutes, was applied. 

The gross absorption was 6*3 lbs. per cubic foot, and the average 
nett absorption was 4-3 lbs. per cubic foot, with variations from 1 lb. to 7 
lbs. per cubic foot in individual cases. 

Bleepers number 81, 87 and 91 were cut open. They had retained 1*0 
lb., 8*3 lbs., and 6 0 lbs. per cubic foot respectively, at moisture con¬ 
tents of 18*4 per cent,, 11*5 per cent., and 10*6 per cent. 

The first sleeper, as might be expected, had the least proportion of 
sap wood (about 3 per cent.). The second and third had 50-60 per cent, 
sapwood, which alone was impregnated with the oil. 

The heartwood penetration, in all cases, was practically nil, and the 
end penetration was hardly an inch. 

Experiment F.-Sleepers ,, 

Except sleeper number 119, all the sleepers of this charge were fairly 
good. 

The average Specific Gravity was *64, corresi>onding to an average 
moisture content of 17*4 per cent.; the moisture content varied, in indi¬ 
vidual cases, from 7*6 per cent, to 36*4 per cent. 

The oil used was a mixture of one part of Creosote and three parts of 
Eartli Oil; the sleepers were treated by the Lowry Process. 

A pressure of 175 lbs. per sq. inch was dcvelo})od in 40 minutes, and 
maintained for a further 10 minutes, the absorption being nil during the 
later half of the pressure period. 

The gross absorption was 5*5 lbs. i>er cubic foot. A final vacuum of 
17 inches for 20 minutes, was applied, reducing the average nett absorp¬ 
tion to 4*5 lbs. per cubic foot with variations from 1*7 lbs. to 9*0 lbs. 
per cubic foot,the absorptions btting, it is almost unnecessary to reiterate, 
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very erratic and in each case being proportional to the percentage of 
sapwood in the sleeper. 

Sleeper number 99, with an absorption of 6*0 lbs. per cubic foot, on 
being out was found to have 40 per cent, sapwood which was completely 
impregnated while the heartwood had practically no oil. The moisture 
content of the sleeper was 14*3 per cent. Sleeper number 119 was also cut, 
and similar results wore noticed—the 10 per cent, sapwood portion 
absorbing all the oil, 2*7 lbs. per cubic foot, at 13*4 per cent, moisture 
content. 

Experiment y/.-->SleeperB 

Sleepers number 124, 129 and 140 were rejected owing to their 
being badly cracked ; the others were in a fairly good condition. 

The average Specific Gravity of the wood was *67, corresponding 
to an average moisture content of 16*6 per cent. The moisture content 
varied, in individual cases, from 11*3 per cent, to 26*2 per cent. 

Pure Creosote was used for treatment, and the Lowry Process was ad¬ 
hered to. 

A pressure of 176 lbs. per sq. inch was developed in 16 minutes and 
maintained for a further 45 minutes, till a gross absorption of about 
6*5 lbs. per cubic foot was obtained. 

A final vacuum of 16 inches for 20 minutes was applied. The 
average nett absorption was 5*1 lbs. per cubic foot, varying in individual 
cases from 1*3 lbs. to 12*0 lbs. per cubic foot. 

The absorption was very erratic, as before. Sleepers number 126, 
136 and 139 were cut open with the folloning results :— 


No. of 
SIcopor. 

AbHor})tioii 
per cu. ft. 

Moisture 
Content, 
per cent. 

Sapwood. 
per cent. 

Absorption. 

120. 

0-0 

10-4 

45 

In each case, tho impregnation 
was confin^ to tho sapwood 

136. 

30 

190 

16 

portion. 

139. 

10*8 

14-8 

60 



Experiment Vn.—-8leepeTB except 148 and 149 and 19 

Bisohofia javanica Timber Testing Section sleepers. 

Sleeper 149, being badly cracked, was rejected.- The average Specific 
Gravity of the wood was *67, corresponding to an average moisture 
content of 21*8 per cent. The moisture content varied, in individual 
cases, from 13*6 per cent, to 38*7 per cent. 
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The same antiseptic and process, as those in Experiment VI, were 
adhered to. 

A pressure of 175 lbs. per sq. inch was developed in 40 minutes, 
and maintained for a further 20 minutes, during which time there was 
no further absorption. 

A gross absorption of about 5 lbs. per cubic foot was secured, and, 
with a vacuum of 16 inches for 20 minutes, was reduced to an average 
nett absorption of 4-1 lbs. per cubic foot with variations, in individual 
cases, from 1*0 lb. to 9-0 lbs. per cubic foot. 

Sleeper number 143 was cut open. There being no sapwood, as 
might be expected, there was practically no penetration into the sleeper. 
It had retained only 1*0 lb. per cubic foot at a moisture content of 
18*1 per cent. 


Conclusion and recommendations. 

From the above experiments, it is clear that the heartwood of uriam 
is very refractory to iiressure treatment with Creosote or Earth Oil, where¬ 
as the sapwood absorbs the oils very readily at low pressures. 

More than 80 per cent, of the absorption, in almost all the experi¬ 
ments with this wood, took place in the first 10 minutes of the pressure 
period (under 50 lbs. per sq. inch.) The heartwood, even after a two 
hours’ treatment at high pressures, with the charging oil at about 
2(KrF., received but a surface treatment. 

From observations made, it would ajipear that the absorptions by 
this wood are very erratic, as they seem to bear a direct relation to the 
iiapwood content in each case. It is well nigh impossible to grade 
sleepers of this wood according to the percentage of sapwood, 
as can be done in the case of the pines, etc., since it is difficult to see 
the difference between saj)wood and heartwood. Under these circums¬ 
tances, the only precaution that can be taken with advantage is to adze 
the sleepers on their broad faces (nearest to the pith, as indicated by the 
orientation of the annual rings) prior to treatment. Sleepers should also 
be bored before treatment. Fluctuations in moisture content below the 
fibre saturation point (about 28 per cent.) appear to have no corresponding 
bearing on absorptions. 

Though there is practically no further absorption of oil by this badly 
tylosed and resin occluded wood, after the impregnation of the sapwood, 
a two hours’ pressure treatment is recommended. This will keep the 
timber under the sterilizing influence of beat at a temperature superior 
to 50^0., and will enable the Creosote to explore the small surface crevices 
and cracks. 
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The most important point to bear in mind, when treating this wood 
or using treated uriam sleepers; is to see that the sleepers are laid in the 
permanent way with the heart side up so that the well-impregnated and 
more water-proof sapwood has a chance to resist the agents of destruc¬ 
tion ; at the same time, the stronger heartwood is presented to resist 
rAil-cutting, spike-kill, etc. 

The suggested speciJBcation for the treatment of this wooil would 
therefore be:— 

Modified Lowry Process using a slowly built up pressure attaining to 
a maximum of 175 lbs. per sq. inch in about one hour, and held for a fur¬ 
ther one hour followed by a vacuum of 20 inches to 24 inches for about 
25 minutes, so as to reduce the gross absorption by about 30 ])er cent. 

The charging temperature of the antiseptic should be about 200 I*, 
and the retort temperature about IHO^'F. 

The reason for advising the Lowry Process in connection with Uiis 
wood is, that the only portion capable of treatment is the sapwood which, 
if treat^ by the Full Cell J^rocess, would retain more oil than is necessary 
for its preservation. By using the Lowry Process, surplus oil is recovered 
and the treatment is more economical. 
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NOTEVL RaportoBtrwtiiMMof TertnUnaUa mipriaemrpm (holloeli). 

One hundred and ninety three M. G. sleepers of this species were 
sent from the Lakhimpur Division, Assam, for treatment according 
to Project IV. 

They arrived on January 10th 1924, and were stacked in two piles, 
after marking, in a roofed well-ventilated godown with an elevated wood¬ 
block paved door. 

On close inspection, they were found to be in very fair condition but 
had developed, either in transit or in the jungle after conversion, a certain 
number of cracks. 

Twenty sleepers, in ten matched pairs, were handed to the Timber 
Testing Section for mechanical tests in a treated and untreated state. 
Ten were tested untreated, the other ten being kept by the Timber 
Testing Section until required for treatment by the Wood Preservation 
Section. After treatment with pure creosote, they were returned to 
the Timber Testing Section. 

Eleven of the sleepers, were rejected as being unfit for use on account 
of cracks, knots near rail-seat, etc. 

The remainder were marked according to a scheme by which the nrst 
letters of the botanical name were cut on one broad surface on the heart 
side. Below tluise letters were cut the serial number of the species, and 
the individual number of the sleeper, c.^r., They were adzed 

and bored before treatment. 

The average moisture content when received was about 125 per cent., 
the sleepers being thus quite green. 

These sleepers were seasoned under the same conditions as ihofing^ 
(Cytumetra jfolyandra), hoUofigj (Dipterocarpus pilosus) and rmhai 
(S}iorea (utsamioa), until their moisture content had dropped to 94*5 per 
cent., when 122 sloejiers were transferred to the Tiemann seasoning 
kiln, in order to expedite the seasoning process, and make them ready 
for treatment under pressure. 

They were kept for about 55 days in the kiln, in which time, the mois¬ 
ture content was reduced to 65 per cent, in the centre, and case-hardening 
was thought to have set in as the exterior was much drier. They were 
then removed to the godown, and allowed to air season in two piles, one 
half piled in open crib and the other half in closed crib formation. 

It w^as decided to commence treatment on 1st July, by which time, 
the moisture content was about 20 per cent. The seasoning was very 
rapid in June, and, as the moisture contents of the individual sleepers 
of the first charge appeared to be fairly uniform, treatment of the species 
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was continued. Becapitulating, it may be stated that from the begin¬ 
ning of January till the end of March, only about 30 per cent of moisture 
was lost. Two months in the kiln reduced the moisture percentage by 
another 30 per cent., or possibly a little more, as only the interior of the 
sleepers was wet; on allowing the sleepers to stand in the godown, the 
moisture content evened down to about 20 per cent, after a month, so 
that in the dry month of June, the evaporation amounted to about 
36 per cent. This caused a slight opening of the timber, and may be 
reckoned to be a more rapid rate for air drying than is safe with such 
dense hardwoods. 

The kiln seasoning rate had to be necessarily slow as the kiln was 
packed with sleepers of Dillenia indka {otenga) some of which were 
badly cracked, and of Terminalia myriocarpa (hdlocL) 

Wth the one month of air drying in the godown, the moisture con¬ 
tent evened down and case-hardening was not noticeable at the time of 
treatment. 


Life untreated. 

Authentic records of the life of this timber, untreated, are rather 
meagre. In November 1916, 22 untreated sleepers of hcllook were 
laid in the Assam-Bengal Railway. They gave a life of 6 years, almost 
the same as that of sain (Terminalia Umentosa) untreated. 

The timber is not regarded as durable in exposed positions, and it 
has, in common with the other members of the Terminalia family, the 
tendency to crack rather badly. The oil treatment of we l-seasoned 
sleepers is expected to reduce this tendency. 


Previous records. 

In 1916, 8 M. G. sleepers were treated in open tanks with a mixture 
of Green Oil and Liquid Fuel Oil, in the proportion of 9 to 11. 

They absorbed 2*0 lbs. per cubic foot (so that it was only a surface 
treatment) and were laid in the Assam-Bengal Railway in November of 
the same year. At the inspection of January 1926 all the 8 sleepers 
were in good condition (A class) after 9 years’ service in the line. 

89 M. 6. sleepers treated under pressure with the same oil as that 
referred to above, absorbed 4 0 lbs. per cubic foot on the average and 
were laid in the same railway in December 1916. - 

In January 1926, 61 were classed'as A, 17 as B, 7 as C, and 14 had been 
rejected. Due to rail creep, a certain amount of 'spike killing’ was also 
observed. 
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48 M. G. eleepere, similarly treated, were laid in the same system in 
December 1910. They also absorbed, on the average, about 4 lbs. per 
cubic foot. 

In January 19:^5, 29 were in A class, 12 in B class, 1 in C class and 
6 had been rejected after 8 years’ service. 

Mechanically, the timber, like sain Terminalia tomentosa may be 
expected to have a life of about 15-18 years since it is much stronger than 
de^ar which lasts for about 14 years. 


Present experiments. 

Trciatrnent was commenced on Ist July 1924. Detailed analyses 
of the Creosote and Earth Oil used, are appended herewith (See Appen¬ 
dices A and B). 

A summary of the salient features of the experiments and the details 
of individual experiments are also appended herewith (Appendix VI). 

Kspennwnt 1. Sleej)erh were treated with a mixture 

)f 25 per cent. Treosote and 75 per cent. Earth Oil by the Lowry Process. 

The average moisture content was 13*9 per cent., and the correspond- 
ing Specific (gravity of the wood was *70. The moisture content varied, 
in individual cases, between 10 per cent, and 30*1 per cent. A pressure 
of 175 lbs. per sq. inch miH developed in 35 minutes until the gross absorp¬ 
tion was 8*6 lbs. [)er cubic foot on the average. 

A vacuum of Hi inches was afterwards maintained in the cylinder 
for half an hour. The average nett absorption was 8*0 lbs. per cubic 
foot with variations in individual cases, from 6*0 lbs. to 10 lbs. per cubic 
foot, the absorptions being fairly uniform. 

Sleefier No. 1, with moisture content of 15*8 per cent., and with an 
absorption of 0*7 lbs. per cubic foot on being cut at the rail seat, was 
found to have oil throughout the timber. The penetration was very 
thorough and satisfactory, and resembles that obtained with sain. 

Sleeper No. 12, with an average moisture content of 30*1 per cent., 
was cut at the rail seat, and the end portion split to examine the pene¬ 
tration wdiich extended to K or 2" all round and 7" to 8" from the end. 
This sleeper had retained 8*0 lbs. per c. ft. 

Experiment II,-- Sleepers 

The same oil as in Experiment 1 was used, the Lowry process being 
adhered to. 

The average Specific Gravity of the wood was *66, corresponding 
to an average moisture content of 15*5 per cent.; the moisture content 
varied from 6 per cent, to 34*9 per cent, 
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A pressure of 176 lbs. per sq. inch was developed in 56 minutes, 
the final vacuum being 16 inches for 20 minutes. The average gross 
absorption was 8-6 lbs. per cubic foot. 

The average nett absorption was 7*7 lbs. per cubic foot, with 
variations from 6 lbs. to 10*6 lbs. per cubic foot. 

Sleeper No. 24, with moisture content 16 per cent, was cut at the 
rail seat and was found to be completely impregnated. This sleeper 
had retained 7*6 lbs. per cubic foot. Sleeper No. 37, with moisture 
content o'* 10*8 per cent, had absorbed 8 lbs. per cubic foot and on 
being cut open, was found to have oil throughout. 

Experiment III .—Sleepers . 

The antiseptic used was a mixture of equal parts of Creosote and 
Earth Oil, the Lowry process being used. 

The average Specific Gravity of the wood, corresponding to an averag© 
moisture content of 15-7 per cent, was *64 ; the moisture content varied 
between 10‘8 per cent, and 27*4 per cent. 

A pressure of 175 lbs. per sq. inch was developed in 15 minutes, 
and maintained for a further 40 minutes. This was followed by a 
vacuum of 15 inches, for 25 minutes, so that the gross absorption of 12 
lbs. per cubic foot was reduced to an average nett absorption of 8*8 lbs. 
per cubic foot varying in individual cases, from 6*7 lbs. to 10*7 lbs. per 
cubic foot, very uniform absorptions being obtained. 

No cutting was reckoned to be necessary as the wood, with even 
6 7 lbs. per cubic foot, can be completely impregnated ; m the present 
experiment, the least absorption was 6-7 lbs. per cubic foot. 

Experiment IV .—Sleepers 

The same oil and process, used in Experiment III, were adhered to. 

The average Specific Gravity of the wood was *64, corresponding 
to an average moisture content of 21-2 per cent.; the moisture content 
varied, in individual sleepers, between 11*5 per cent, and 49*5 per cent. 

A pressure of 175 lbs. per sq. inch was developed in about 15 minutes 
and maintained for a further 45 minutes. A final vacuum of 16 inches 
was applied for 20 minutes, the average nett absorption being 8*1 lbs. 
per cubic foot with variations from 6*0 lbs. to 10*3 lbs. per cubic foot, in 
individual cases. 

Sleeper No. 88, with an absorption of 7*3 lbs. per cubic foot, was cut 
open and was found to be thoroughly impregnated. 

Experiment F.—Sleepers 

The oil used w&s a mixture of 1 part of Creosote and 2 parts of Earth 
Oil; the treatment was by the Lowry process. 

[ 326 ] 


V 



Indian fore$t keeordt. 


tVoL.Xl 


4A 


Th» kvengtt Specific Onvity of the wood w»s <70 corteqMiiding 
to «n aTenge moiature content (which varied from 8-3 per cent, to 26 
p«r cent.) of 16*5 per cent. 

A presaure of 175 lbs. per sq. inch was developed in about 

30 minutes, and maintained for a further 30 minutes, followed hy a 
vacuum of 17 inches for 20 minutes. 

The average gross absorption was 9*1 lbs. per cubic foot, the average 
nett absorption being 6*5 lbs. per cubic foot, with variations between 
5*0 lbs. and 9*7 lbs. per cubic foot in individual sleepers. The absorp¬ 
tions were very uniform. 

Sleeper No. 107, with moisture content of 19*7 per cent, had retained 
only 5*0 lbs. per cubic foot, and on cutting, was found to be completdy 
penetrated. This being the sleeper with the lowest absorption for the 
charge, it is safe to conclude that the others had received a thorough 
impregnation of the oil. 

Experiment V/,—Sleepers » 

The oil and process of treatment employed in the experiment were 
the same as those in Experiment V. 

The average Specific Gravity of the wood was *71 corresponding 
to an average moisture content (which varied in individual sleepers from 
10*7 per cent, to 24*6 per cent.) of 16*4 per cent. 

A pressure of 176 lbs. per sq. inch was developed in one hour, a gross 
absorption of 7-8 lbs. per cubic foot being obtained. 

A vacuum of 17 inches was applied for 25 minutes, reducing the 
average nett absorption to 7*3 lbs. per cubic foot, with variations in 
individual sleepers, between 6*0 lbs. and 8*7 lbs. per cubic foot. 

Sleeper No. 121, with an absorption of 6*7 lbs. per cubic foot, and a 
moisture content of 17*6 per cent., was cut open below the rail seat and 
was found to be completely impregnated with the oil. 

jBapmfwen/F7/.~-Sleepers Timber Testing Sec¬ 

tion sleepers of the same species. 

Pure Creosote was used, the treatment being by the Lowry process. 
The average Specific Gravity of the wood was *73 corresponding to 
an average moisture content of 20*3 per cent, which varied, in individual 
sleepers, between 15 per cent, and 27*8 per cent. 

A pressure of 175 lbs. per sq. inch was developed in 15 minutes, and 
maintained for a further 45 minutes, a gross absorption of nearly 10 lbs. 
per cubic foot being obtained. 

A final vacuum of 15 inches for 25 minutes, reduced the nett 
absorption to 9*3 lbs. per cubic foot with variations in individual cases 
Irom 5*3 lbs. to 11*0 lbs. per cubic foot. 
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Ottm^ appeared to be a better penetrant than its mixtures with 

IBnrtliQiL 

Sleeper No. 140 was cut at the rail seat; the moisture content was 
12*9 per emit, and the absorption 11*0 lbs. per cubic foot. The 
sleeper was completely impregnated with oil. j 

JSaperifnent VIII. 

In this last experiment of the consignment, treatment was by the 
Lowry process with pure Creosote. 

The average specific gravity of the wood was *69 corresponding to an 
average moisture content (which varied in individual sleepers between 
10*1 per cent, and 25*7 per cent.) of 16*4 per cent. 

A pressure of 175 lbs. per sq. inch was developed gradually, in about 
40 minutes, and maintain^ for a further 20 minutes, a gross absorption 
of 9 lbs. per cubic foot being obtained. 

A final vacuum of 16 inches for 25 minutes reduced the nett absorp* 
tion to 8*6 lbs. per cubic foot, with variations in individual cases from 
5*7 lbs. to 11*0 lbs. per cubic foot. The absorptions were fairly uniform. 

Sleeper No. 160, with an absorption of 6*7 lbs. per cubic foot, was cut 
open under the rail seat and was found to have oil throughout. The 
moisture content of the sleeper was 24*1 per cent. 

Conclusions and Eeoommbndations. 

From the above experiments, it is clear that Termimlia myHocarpa 
(hoUock) is amenable to pressure treatment with Creosote or its mixtures 
with Earth Oil. The wood appears to take even as much as 12 lbs. per 
cubic foot. The optimum economic absorption, from the observations 
made, appears to be about 7 lbs. per cubic foot (nett absorption), a 
complete impregnation being ensured. 

In the 172 sleepers treated, the minimum absorption obtained was 
5*3 lbs. per cubic foot, the charging temperature being between 180"^ and 
200^F, and the pressure period beii^ about an hour. 

In a commercial plant, working a 10 hour-day, four charges of this 
wood can be treated per day. 

Fluctuations in moisture content below the * fibre saturation point ’ 
(about 28 per cent.) appear to have no corresponding effect on the res* 
pective absorptions. 

When Creosote alone was used, as in the case of the other Assam hard** 
woods, working according to the ,same schedule of operations, heavier 
absorption was obtained than with the Creosote and Earth Oil mixtures 
It appears that Creosote is a better penetrant than the other mixtures; 
for what reasons, it is difficult to discern at present. 
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It wM observed that the bulk oi the absorptioii ocouxxod wttiim 
the first 30 mmutes, t.e., in the earlier stages of the pressure period. It 
is desirable to make this period as long as is consistent with eomunnioal 
considerations for two reasons, (1) so as to keep the timber under the 
sterilizing influence of heat for as long as possible (2) to even up Uie 
distribution of oil throughout the wood. 

The suggested specification for this wood would therefore be:— 

Modified Lowry process using a slowly built up pressure attaining a 
maximum of 175 lbs. per sq. inch in about 30 minutes, and held for 
about 30 minutes or until an average gross absorption of 10 lbs. per 
cubic foot has been obtained. 

A vacuum of 20 inches to 24 inches for about 30 minutes so as to 
reduce the abBorjition to an average of 7 lbs. per cubic foot. The charg¬ 
ing temperature of the oil should be about 200^F. and the retort tem¬ 
perature about 180°F. 

The wood absorbs 1} lb. to 2 lbs. per cubic foot as the oil enters the 
cylinder, depending on the time taken to fill the cylinder. 
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NOUS VII«—Note on trootmonl of Lagentroemia Floa^Reginm (ajhar). 

200 Metre Gauge sleepers from the Sibsagar distrirt of Assam were 
received at Dehia Duu on the 2nd January 1924. On arrival they 
were quite green having a moisture content of 117 per cent, on the average. 
They were stored in a well ventilated godown for purposes of seasoning 
and observation. 

Twenty matched sleepers were handed over' to the Timber Testing 
Section for purposes of strength and spike holding tests; 21 were 
rejected onaccount of bad cracks. The remainder were marked ac¬ 
cording to the scheme laid down in Project IV namely 

Ten sleepers were chosen for seasoning observations and when exa¬ 
mined on the 5th of April showed an average moisture content of 79*5 
per cent. On the 7th May they were again examined and showed a 
moisture content of 59*5 per cent.; on the 3rd June this had been reduced 
to 43*4 per cent. They were all removed to the Tiemann kiln on 8th of 
July and taken out on the 9th of August when the moisture content 
was reduced to 34*2 per cent. 

The Forest Economist examined them later during treatment and re¬ 
ported as follows on their condition. 

“A good lot of sleepers, with few cracks and no twist. The only defects 
are in a few sleepers with boxed heart where splitting is somewhat serious 
The defects caused by boxing the heart are not sufficiently serious to 
necessitate special provisions against including the heart.'* 

From the above observations it will be apparent that the sleepers are 
slow in seasoning but that when properly protected from the sun do not 
show any serious degrade when seasoned in 9 months. 

Life Untreated. 

Records show that this timber, although not reckoned as durable for 
sleeper work, is very fair in this respect, a life of seven years, unhvated, 
being the average. Of 100 metre gauge sleepers laid near Moriani on the 
Assam Bengal Railway in March 1918, 92 per cent, were sound in all 
respects in October 1922 and only 2 per cent, had been rejected. 

In January 1925, they were deteriorating fast, 50 per cent, only being 
good. 

Previous Records of Tbsatmekt. 

As far as can be ascertained this wood has not previously been ex¬ 
perimented witb» hence tJ ere are no records of its treated Ufe. 
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A sample of the timber was sent to England in 1922 by the South 
Indian Railway group and treated by Messrs. Burt Boulton and Haywood 
Ltd., at Silvmtown. 

The results obtained were at variance with those obtained in the 
present escperiments which may be explained on the grounds of abnortnal" 
ity or that the wrong timber was sent the latter being the more pro¬ 
bable explanation. 


Present Experiments. 

Exjperiment /.—Sleepers No. • 

The charge was treated by the I^wry Process with a mixture of 60 
per cent. Creosote and 50 per cent. Earth Oil. The maximum pressure 
applied was 175 lbs. per sq. inch which was attained in 35 minutes and 
maintained for a further 2 hours and 15 minutes making a total period 
of 2 hours and 50 minutes. 

This was followed by a vacuum of 16 inches for 25 minutes. The 
average moisture content at time of treatment was 18*3 per cent, with 
individual variations from 12 per cent, to 30 per cent. The average 
specific gravity of the charge was *64. The average gross absorption 
was 1*7 lbs. per cubic foot which was reduced by the vacuum to an 
average nett absorption of *84 lbs, of oil per cubic foot. This absorp¬ 
tion varied from almost nothing to 2*7 ibs. per cubic foot. 

Sleeper number 12 with a moisture content of 21 per cent., absorbed 
1 lb. of oil per cubic foot. On splitl ing, it was seen that the surface 
only had been treated and that the oil had penetrated about 1 inch 
along the end. 

Sleeper No. 22 with a moisture content of 14*5 per cent., showed a 
side penetration of about J inch a id an end penetration of 1 inch due 
to an absorption of 2*7 lbs. per cubic foot. 

That the extra absorption is not due to the low moisture content is 
shown by fact that sleeper number 23 with a moisture content of 18*4 
per cent., absorbed practically nothing. 

During the first few minutes of the pressure period the pressure rose 
to 50 lbs. per sq. inch and after 35 minutes had reached 175 lbs. per sq. 
inch. The absorption was approximately 20 lbs. for the charge of 34 
cubic foot or 0*6 lbs. per cubic foot. A similar quantity was pressed 
in, in a further 10 minutes with the pressure maintained at 175 lbs. 
Only a slight increase was obtained in the next twenty minutes and 
during the last half hour practically nothing* 

Experimmt //.—Siegers No, 
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Tli^ ciiAige WAS treated with a mixture of 60 per cent. Oreosote and 
SO per cent. Xarth Oil by boiling the timber in the oil under a vacuum 
of 16 inches for 24 hours at 

Pressure up to a maximum of 175 lbs. per sq. inch was then applied 
for one hour followed by a vacuum uf 15 inches for 20 minutes. 

The average moisture content of the charge was 20*3 per cent, with 
variations from 16*2 per cent, to 30*2 per cent. The average specific 
gravity of the charge was *61. 

The nett average absorption per cubic foot was only *76 lbs. which 
varied from very little to 2*3 lbs. per cubic foot. Sleeper N ). 47 with a 
moisture content of 20*8 per cent, absorbed 1 lb. of oil per cubic foot. On 
cutting the sleeper it was seen that the sapwood (at one comer) was 
completely penetrated but that the remainder had a surface treatment 
culy. The end penetration was only 1 inch. 

During the first 10 minutes of the pressure period the absorption with 
150 lbs. pressure was a little over 1 lb. per cubic foot, on the average, 
which was only slightly increased in the remaining 50 minutes, the 
pressure meanwhile rising to 176 lbs. This gross quantity was subse¬ 
quently reduced by the Vacuum. 

Experiment III .—Sleepers No. 32^1’40'to M' 

These sleepers were treated by boiling iji ia mixture of l»0 per cent. 
Creosote and 50 per cent. Earth Oil for 4 hours at a temperature ot ISC^F. 
using no vacuum and no pressure period ; an open tank treatment without 
any cooling period. This experiment and experiment IV i^ere carried 
out to sterilize the wood and give it a coat oi preservative in order to 
gauge the value of merely cooking the wood without penetration of anti¬ 
septic. 

The absorption obtained was only *9 lbs. per cubic foot with variations 
from 0*3 to 1*6 lbs. per cubic foot. 

The average moisture content of the charge was not determined but 
probably did not exceed 20 per cent. 

Experiment /F.—Sleeper No. 

A repetition of experiment III. Averags nett absorption *72 lbs. 
per cubic foot. 

^ajJcrifwwrtF.-SleqHsrsNo. 

The charge wae treated with a mixture of 60 per cent. Creosote and 
60 per cent. Earth Oil by boiling under a vacuum of 20 inches for 3 hours 
at a tonperature of 176° F. foOoved by a pressure period of one hoar, 
tha avocaga nstt absOEptuift was aboat 1 lb. pat eobie faac uridtyiuw* 
ttatts ftom -0 lbs. p* oobtc foot to 1-0 lbs. pvt ooWo iooK, Vrow pi«> 
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vioua experiments it ie seen that this absorption gives very littie daptii 
of penetration. 

Experiment F/.—Sleepers No, 

This experiment was a repetition of number V with a resulting nett 
absorption of M Ihs. per cubic foot with variations from *6 lbs. to 2 lbs. 
per cubic foot. 

Experiment F//.-Sleepers No. 

This charge was treated with a mixture of 60 per cent. Creosote and 
50 per cent. Earth Oil, by the Full Cell Process. 

A preliminary vacuum of 22 inches was applied for 46 minutes 
followed by a pressure period of three hours, the maximum pressure 
being 176 lbs. per stp inch. A final vacuum of 20 inches for 16 minutes was 
applied to remove oil from the 8ui4ace ol the wood. The average 
moisture content of the charge was 18*6 per cent, with variations from 
11*9 per cent, to 27*4 per cent. 

The average nett absorption was 1*6 lbs. per cubic foot varying from 
2*4 to 0*6 lbs, of oil per cubic foot in individual cases. The low absorp¬ 
tion indicates that a very small penetration was obtained except in 
the sappy portions which, from previous observations, are known to 
be completely impregnated. 

As previously observed, practically the whole of the absorption took 
filace in the first half hopr of the pressure period, the final hour being 
responsible for very little. 

Experi^ifwnt Vllh —Sleepers No. 

These sleepers were treated with ten specimens of VoUeria indica 
belonging to the Timber Testing Section. They were treated with pure 
Creosote. 

VoterM indica was known to be a difficult wood to treat so that there 
was no danger of one species robbing the other of oil. 

A vacuum of 26 inches was applied to the charge for 45 minutes 
followed by a jircssure of 175 lbs. per sq. inch maximum for 2 hours 
and 15 minutes. A final vacuum of 20 inches was drawn for 20 minutes. 

A nett average absorption of 1*5 lbs. per cubic foot was obtained for 
Lagerstreemia Flos Reginw which varied from *66 to 2*6 in individual 
cases. 

The average moisture content was 16*1 per cent, varying from 6*6 
per cent, to 22*7 per cent. 


CONCIUSIONB. 

From the above experiments it is obvious that it is exceedingly diffi - 
o«lt to obtain an absorption of over 2 lbs. per cubic foot with this Bpedea 
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no matter what process is employed. The depth of penetration with such 
an abrarption is practically nothing except in sappy portions of the timber. 
The timber however is a very go^ one and does not tsM very far short 
of tile durability mark (reckoned as ten years life) when untreated. 
It is tiierefore quite probable that tiie light treatment will turn the 
scale and give an increase in life more than commensurate with the 
cost of treatment. 

The antiseptic must be given every chance however and for this reason 
it is strongly recommended that a pressure period of at least 3 hours 
be employed so as to sterilise the wood. This means that only two charges 
per day can be expected so that labour charges will amount to about 
10 annas per sleeper. The oil cost however using a mixture of 50 per 
cent. Creosote and 50 per cent. Earth Oil will not be more than 3 annas 
per sleeper making a total of 13 annas. 

Provided therefore the treatment is capable of giving protection for 
12 years (a period by no means unlikely in view of past experience) the 
use of Lagersiramia Flos-Regince as a railway sleeper is by no means an 
unattractive proposition. Even if pure Creosote be used as the 
antiseptic, the total cost of treatment would not be more than Re. 0-14-6. 

The timber however must be well seasoned so as to avoid subsequent 
splitting in service. 

The following specification is therefore advised ; — 

Antiseptic—Pure Creosote. 

Preliminary vacuum, 24 inches for J hours. 

Pressure raised slowly to 175 lbs. per sq. inch during 3 hours, 
Charging temperature of oil, 180° to 190°F 
Maximum Retort Temperature, 175° to 180°F. 

Final vacuum, sufficient to prevent dripping. 
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CHAPTER II. 

Cost of Treatmeot. 

i. General Discussion. 

The cost of treatment naturally depends upon several factors, the 
chief of which are the cost of the antiseptic and the cost of the plant. 

With r^ard to cost of the antiseptic, only generalisations can be made, 
as this naturally varies with different localities and also in accordance 
with the market. Due weight must also be given to the protection 
obtained and the length of hte which the antiseptic to bo chosen will 
ensure for each species. 

It is perfectly true to say that the most economical antiseptic is the 
one which will protect the timber from decay and insect attack just so 
long as it will last mechanically. As to the mechanical life of a sleeper, 
some of the species treated in this series of experiments were treated in a 
former series of experiments, and these data, together with figures obtained 
in the Timber Testing shops, allow us to frame an approximate estimate 
of the mechanical life of some of the timbers However, the only re¬ 
liable method is to test the sleeper under service conditions. Naturally, 
this test takes a considerable time to complete, and alteiations in proce¬ 
dure may often become necessaiy in the light of experience and better 
knowledge. 

It is therefore not possible to say, at this j incture, which of the mix* 
tures, used in the experiments described in C^haptcr I, will prove most 
economical in the long run. 

In order to grasp readily the relative economic value of a sleeper, 
a series of curves have been prepared, which, for a capital expenditure 
of a certain number of rupees, shew the annual I’ost to be set aside to 
provide for it at 6 per cent interest, on the assumption that the useful 
life in years is known. 

To read these curves, a vertical Ime is drawn through the number 
indicating the life in years (horizontal bottom line) to where it cuts the 
curve corresponding to the capital cost of the finished sleeper ; from this 
point a horizontal line is drawn to cut the vertical line representing 
annual cost m rupees. Intermediate values are obtained by interpolation. 
As an example a Pinus longifolia (chir) B G. sleeper costs approximately 
Bs. 6-8 when preserved with equal parts of Creosote and Earth Oil. It 
is known to last, on an average, for 12 years, which according to the curve 
gives Rs. 0*77 as the annual cost; whereas an untreated Shorea robusta 
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(i(A) B. G. sleeper, which costs Rs. 8 and lasts 18 years, gives an 
annual cost of Rs. *74. To give the same annual cost treated ' ehir * 
at Rs. 6-8 would require an average life of nearly 16 years. 

Cedrus Deodara (deodar), untreated, costing Rs. 7-8 and lasting for 
14 years, gives almost the same annual cost as ^ cA«r,’ which is there¬ 
fore an alternative proposition. 

The choice, therefore, of an antiseptic depends upon the relative im¬ 
portance of its first cost and efficiency, which latter can only be ascer¬ 
tained by treating different species of sleepers and carrying out durability 
tests. 

In more temperate climates, unadulterated Creosote out-distances its 
cheaper rivals on account of its great efficiency, but it remains a moot 
point as to whether it will do so in India, where the climatic factors are 
oi much greater intensity. 

ii. Economic Limits of Trkatino Plants. 

The capital cost of the jdant to be used is another important item, 
as this accounts for about 50 per cent, of the operating costs. The plant 
must, therefore, be carclully designed so as to ensure smooth working 
and continuity of output, bearing m mind that the charges for capital 
cost are inversely proportional to the outjiut, whereas the capital cost 
of the plant increases with its capacity, less, however, than in the 
direct ratio. 

The capacity of the plant is, moreover, dependent on the rate of treat¬ 
ment advisable and is here based on the assumption that three charges 
per day can be worked commercially. This rate will vary with the 
species treated. For instance, with the Diplerocarpus family, as many 
as four charges pdr day may be treated ; but with Lagerstmmia Flos- 
Regifm probably only two charges could be worked in the same time. 

The first question, therefore, to be answered is, what is the smallest 
pressure plant that it is economical to work and what area will it serve ? 
This naturally involves a knowledge of cost of transport (which will 
vary with different localities), since the amount expended in transport 
must be more than balanced by the saving in cost of treatment by a big 
plant, over the cost of treatment in one of smaller capacity. The sleepers 
would, of course, be floated to the treating plant wherever possible, as 
water-borne transport is much cheaper than other means available; 
but, unfortunately, reliable waterways are difficult to find in India, 
with the result that calculations must usually be based on railway 
transport. 

Again, it can be estimated that a plant to deal with 600,000 B. G. 
sleepers working 3 or 4 charges per day will save 2 annas per sleeper over 
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A pittiit treaty 100,000 B. G. sleepers at the same rate, but if this money 
IB expended in extra railway freight in collecting the sleepers to supply 
ihe larger plant, it is obviously more economical to erect a number of 
amller plants, always bearing in mind the possibility of the smaller area 
being able to supply a larger number of sleepers in the future. This 
contingency can, of course, be met by installing a second cylinder, but 
the cost of treatment will never be quite so low as that obtained in a large 
single cylinder plant. 

An apparatus to treat 100,000 B. G. sleepers A\ill necessitate a cylinder 
of from 36 to 40 ft. in length, and the pumps and boiler necessary to work 
it are of the smallest commercial size, consistent with efficiency; it 
may therefore be stated that this pressure plant is the smallest which can 
be economically worked and forms the basis of subsequent calculations. 
Its capacity for metre gauge work is double that of its B. G. capacity. 

The area which such a plant will serve, naturally, depends upon 
the yield of sleepers from the neighbouring forests, lasing estimates on 
the sum of all treatable species. 

According to the Report of the Slee])ej Kncjuiiy Committee, 1923*24, 
2| pies per ton mile is the normal rate for railing sleepers, if we take 
30 M. G. or J5 B. G. sleepers to the ton as an average for timber we find 
that the saving in cost of treatmenl (2 annas ])er B. G. sleeper) is used up 
in railing the sleepers 150 miles and it can therefoie be assumed that a 
smaller plant will be more economical than the larger one if collection 
of supplies has to be made over a larger area than say 150 mdes on 
either side of the ])lant, along the railway ; or a total length of line of 
300 miles. Assuming 2,000 sleepers per nule and the normal replace¬ 
ment of treated sleepers as 7 per cent. (15 years' life) this length of 
line would require, for single track, about 50,000 sleepers annually. 

A plant to deal with 100,000 B. G. oi 200,0(K) M. G. sleepers could 
easily cope with this together with requirements for sidings, yards, etc. 

If the above area is caj'able of yielding more than these nun^bers, 
a larger plant would obviously pay, esyiecially if branch lines have to be 
provided for. 

The position of the jilant would, naturally, fall somewhere between 
the centre of area of supply and the centre of area of use of the sleepers, 
the exact syot depending upon convenience, taking into consideration 
the cost of transport of oil to the plant. 

Pure forests, yielding sleeper woods, are seldom found in India, so 
that to make extraction economical, it is necessary to utilise as many at 
pdsaible of the species which grow together. They, usually, cannot 
be treated together cn account of the difference in their structure, and 
consequ^tly of the ease with which they treat. As an exiunple, 
* I 877 ] 
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it would be foDy to treat DUlenia indica in the same charge as Lager^ 
strannia Flos-Regince, because, since DiUenia indica treats readily, 
it would take all the antiseptic, whereas the Lagerstrwmia, which treats 
with difficulty, would absorb little or none of the oil. On the other hand 
if the pressure is maintained until the Lagerstrcmia is protected, the 
DUlenia indica would have more preservative than is necessary or econo¬ 
mically sound. The species must therefore be treated separately, each 
according to its specification. 

iii. Lay-out of Pi-ant. 

It is almost an axiom that the success of a Wood Preserving Plant 
depends upon the correct lay-out of the stacking ground, so as to ensure 
that the treating cylinder is never idle for a moment. The best 
method of securing this is perhaps debatable, but a good arrange¬ 
ment is to have the stacking ground rectangular in shape with the 
treating cylinder about the middle of one long side, which may be parallel 
or at right angles to the main railway lino. 

Railway lines should run the whole lengtli of the yard parallel to 
each other and to the long side of the yard, about 120 ft. apart if 
the system is Broad Gauge. In between these lines, should run the 
narrow gauge rails on which the treating trucks are hauled to the 
treating cylinders. 

The problem is to arrange the lay-out so that minimum haulage and 
shunting is required, and also so as to avoid blocking the road for empty 
treating trains by loaded ones and vice versa. 

If an adzing and boring machine is installed, the narrow gauge track 
will, of course, run in the most direct manner to it where the sleepers 
are machined and transferred to empty treating trucks. 

In the case of Metre Gauge systems, the ordinary track run at 60 ft. 
centres will be sufficient to do all the yard work, the sleepers being trans¬ 
ferred to treating trucks after passing through the a^ing and boring 
machine. 

iv. Adzing and Boring. 

The importance of adzing and boring before treatment cannot, from 
a wood preservation point of view, be too strongly emphasized, espe¬ 
cially in those cases where impregnation is not complete; any removal 
of the preserved outer layer, by cutting the sleeper after treatment so as 
to expose untreated wood, provides a means of ingress to insects and fun¬ 
gus, and the efficacy of the treatment is, thereby, considerably impaired 
if not entirdy destroyed. If an example is needed, one has only to refer 
to the results of experimental Dipterocarpus sleepers, which were bored 
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and adaed after treatment and laid in the main line near Ranaghat on the 
E, B. Railway These sleepers were taken out about 10 years after being 
laid down, the cause of rejection being entirely due to failure under the 
rail seat and round the spike hole, due to fungus attack. The ends and 
centre of the sleepers were perfectly sound, and had the adzing and boring 
been carried out before treatment, the sleepers would probably have 
lasted 13 or 14 years. 


V. Loading and Handling Sleepers. 

The question of haulage is best left to individual taste, but it is hardly 
likely that mechanical haulage will pay with a small plant. If a double- 
ended cylinder is installed, the loaded trains may be hauled in and out 
of the cylinder by a steam winch, placed at the exit end of the plant; 
bullocks or coolies can be made responsible for the remaining work. 
In the case of metre gauge systems, the ordinary locomotives could do 
the usual yard work and the winch be made responsible for hauling the 
trains from the adzing and boring machine, into and out of the cylinder, 
after treatment. The adzing and boring plant forms a very convenient 
break at which to transfer the sleepers from one system of track to the 
other, but some authorities contend that a metre gauge system is 
permissible inside the cylinder as the loss in capacity is compensated for 
by the convenience of being able to link up the cylinder to any portion 
of the yard. Thus the services of the yard locomotive are always avail¬ 
able for hauling treated sleepers to any part of the stacking ground. 

This arrangement certainly does aw i" with the necessity for a 
double-ended cylinder, but is only permissible with metre and narrow 
gauge systems. 

With broad gauge systems, if no adzing and boring plant is installed, 
either a narrow gauge track must'be run between the broad gauge tracks 
or the sleepers must be transferred at a convenient spot. It is doubtful 
if this latter alternative will save money in the long run, as interest 
and depreciation on rails can be put at about 3 pies per sleeper, whereas 
the cost of transfer will not be less than 3 pies per sleeper and, in 
addition, there is the risk of serious delay occurring at this jioint. 

Treated sleepers should be handled with care and should be got out 
of the yard as quickly as possible, but if delay is unavoidable, they should 
be stacked close to the loading ground so as to avoid long leads. It 
is, however, mu h more economical to load them straight on to empty 
trucks as this avoids double handling. 

The foregoing remarks seem perfectly obvious when put on record, 
but the points emphasized are too often neglected, with the result that 
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dalnys are occasioned, output falls off, and wood preservation is said not 
to pay. 

vi. Capital Cost op Plant and Lay-out. 

With regard to capital cost of Creosoting Plants, much depends on 
the specification called for, but it is satisfactory to note that the cost of 
treating plants has come down considerably in the last few years. 

Prsuminaby Specification op a Creosoting Plant capable op treat¬ 
ing 200,000 Metre Gauge Sleepers per annum for India.*** 

Capacity. 

The plant will be capable of dealing annually with the following 
quantities of timber by the Lowry and 1^11 Cell processes :— 

200,000 metre gauge sleepers per annum of 250 working days 
assuming three charges per day, 
and will consist of the following items :— 

Cylinder. 

This will be 6' diameter by about 35' 0" long, constructed of riveted 
mild steel plates, and provided with a door at one end and a davit to 
swing it off. ' The door will be closed by means of strong hinged boiler 
screws. The cylinder will be provided with internal rails, extension 
rails, a guard rail to prevent the creosoting trucks from floating off, and 
two internal mild steel pipe headers with suitable heating pipes. 

Suitable cross supporting girders, cradles, sliding supports and an 
efficient anchorage will be provided in order to carry the cylinder and 
also save all tanks to catch any overflow or drainage. 

Creosoting Trucks. 

Twelve mild steel creosoting trucks with cast steel wheels and roller 
bearings will be supplied ; they will be provided with removable solid 
bails to hold the sleepers down and to act as loading gauges. 

Air Compressor and Vacuum Pump. 

One horizontal duplex double-acting piston pattern pump, capable 
of raising the pressure of the creosote in the cylinder to 200 lbs. per square 
inch. 


• Thii ftpeoifiostion ia taken from quotation by Mewie. Burt Boulton and Haywood. 
Ltd., SaUioury House, London Wall, E.C., to whom arknowledgmeots are due. 
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All valve discs will be made of cast iron, the spindles and springs will 
be of steel. 

All the necessary throttle valves, sight feed lubricators, lagging, 
drain cocks, wrenches, etc., will be supplied. 

Pipework. 

The necessary cast iron and mild steel pipework together with all 
valves, gauges, jointing materials, supports and hangers, steam traps, 
lagging, etc., will be supplied. 

Ladders, Galleries and Trench Covers. 

Wherever necessary mild steel ladders, galleries and handrails will 
be supplied as well as chequered plate trench covers and curbs. 

Tanks. 

1. One measuring tank of sufficient capacity, calibrated to hold 
600 gallons per foot of height. This tank will be supported on mild steel 
stanchions and bearers and fitted with a steam heating coil and an efficient 
float depth indicator, with a dial in the pump room to enable the o] era tor 
at any moment to gauge the amount of oil drawn from or ])uniped into 
the tank. 

2. One service tank of about 20,000 gallons capacity, provided with 
a suitable heating coil. 

The tanks will be of riveted mild steel plsles and will have light steel 
covers. They will be provided with internal and external climbing 
irons, manholes top and bottom and the necessary nozzles for connecting 
the pipework. There will be dipholes in the roof in order that t h c contents 
of the tanks may be measured. 


Boiler. 

One vertical boiler, of ample heating surface, fitted with a duplex 
feed pump and the necessary boiler mountings, lagging and firing irons 
to supply the steam required for the pumps and for heating purposes. 

Weighing Machine. 

One half-ton weighing machine by a reputable maker, 

Spabe Pabts. 

An unple supply of spare parts. 
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The fipecification for suoh a plant which is set out above is estimated 
to cost about £4,000 f.o.b. London. Such a plant is capable of dealing 
with about 100,000 B. Q. sleepers or 200,000 M. G. sleepers per annum 
working three charges per day. 

The cost of the yard lay-out, erection, importation, etc., would, of 
course, increase the capital cost of the plant, but the total should not 
exceed £10,000 or Rs. 1,50,000. 

The total cost of a plant, to deal with over 500,000 B. G. sleepers, 
would be proportionately more, but less than in the direct ratio ; 
Rs. 6,00,000 is considered a close estimate. 

vii. Working Costs. 

Based on the above figures, the following estimates of cost of treati- 
ment are given :— 

/. PlarU for treating 200,000 Af. (7. sleepers. 

Plant cajiable of dealing with 200,000 M. G. sleepers annually at 
three charges per day. 

(Capital charges : -- 

Rs. A. P. 

DeprcclAiion at 5 per cent, on Rs. 1,50,000 . . . 7,500 0 0 

Interest on capital at 15 per cent. .... 22,600 0 0 

30,000 0 0 

Charge i)er sleeper. 0 2 6 

Wages Bill. 

Unless close supervision is maintained over the labour, a good deal 
of waste may occur, but the superintendent, plant operators and coolies 
could, with proper management, be maintained on Rs. 1,100 per month 
exclusive of cost of loading and unloading sleepers from the stacks and 
treating trucks. This latter operation must be done by piece work for 
which I anna pei sleeper per operation is considered a suitable wage. 

The cost of operation would, therefore, be;— 

. ^ 

(bet of loading and unloading trains at 4 anna per operation . 0 0 3 

Fuel per M. Q. sleeper.0 0 6 

Head office charges.0 10 

Total • 0 2 9 
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This will vary with the amount and cost of oil used but may be 
estimated as follows 


Operation Costs. 

lO.tMO M. Q. Bleepers per month at 0-2-9 say 


Ha. A. i*. 
3,000 0 0 


Oil. 

Reckoning one gall, of oil per M. G. slee|)er at annas 12 |)er 


gall. (60 per cent. Creosote, 60 jicr mit. Kaith Oil), say 12,600 0 0 

16,500 0 0 

Capital required for thriH* months'working. . . 46,600 0 0 

8ay.50,(HH> 0 0 


The abovo estimate is based on the working ol a commercial firm 
which would recoup its labour and oil expenditure after three months 
from the purchaser. 

Rs A. p. 

Interest on working capital at l.l jwr cent. . . . 7,600 0 0 

Cost per M. Q. sleeper —.... tay 007 

SuMBiABY. 


Capital charges ........ 026 

Labour, fuel and overhead . . . . . 0 2 9 

Working capital.0 0 7 

Oil.0 12 0 


Total per M. G. slbkper 1 1 10 


Adzing and boring is not included in the above estimate but could 
be done for one anna per sleeper. 


//. Plant far treating lOOflOO B. 0, sleepers. 

For dealing with 100,000 B. Q. sleepers, the expenditure is, practi- 
calljy the same as regards plant capital and labour, but will be different for 
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working capital. The total cost, including adaing and baring and treat¬ 
ment with 2 gallons of oil at 12 as. per gall., works out at Rs. 2-6-6. 


lU. Jk. *. 

Pepreoiation at 6 per cent. 7,500 0 0 

Interest at 15 per cent. 22,500 0 0 

Interest on Rs. 1,00,000 working capital at 15 per cent. . 15,000 0 0 


45,000 0 0 

Capital charge per sleeper.0 7 0 

Cost of treating (labour, fuel and overhead) . • . 0 5 0 

Loading and unloading trains . . . . ' . 0 0 6 

Adzing and boring.0 10 

Oil, 2 galls, at 12 annas per gall.18 0 

ToTAii . 2 5 6 


IIL Plant for treating 500,000 B, 0. or 1,000,000 M» 0, sleepers costing 

Rs. 6,00,000. 

The labour, oil and working capital costs will be, approximately, the 
same as for smaller plant (although there will be some saving if the plant 
is kept working economically), but the capital charge will only be 0-3-0^ 

Rs. A. P. 

Depreciation at 5 per cent. ...... 30,000 0 0 

Interest at 15 per cent. 90,000 0 0 

Cost per sleeper . 0 3 0 

This shows a saving of annas 0-2-0 per B. G. sleeper and 0-1-0 per 
M. G, sleeper. 

IV. Plant for treating 50,000 B. G.or 100,000 M. 6. sleepersonly. 

As mentioned above, the pumps and boilers used in a plant to deal 
with 100,000 B. Q. sleepers or 200,000 M. G. sleepers, annually, are the 
smallest commercially designed, so that the only saving would be on the 
treating cylinder and on the yard lay-out. 

The cylinder would be only 20 ft. long. The plant itself would not 
jcost less than £3,500 f.o.b. London or Rs. 52,500. 

The yard lay«out would, certainly, cost another Rs. 50,000, making 
a total of not less than Rs. 1,00,000. 

If we assume this to be the capital value of the plant in working 
order the annual charge per B. G. deeper works out at 0-6-5 per B. G. 
sleeper and 0-3-0 per M. 0. sleeper. 

The working costs and charge for working capital will, certainly, 
pot be less than for the larger plants, so that the extra cost oVer a plant 
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to doftl with double the number of sleepers, annually, will be at least 
annas 0-1-6 and 0-0-9 for B. G. and M. G. sleepers respectively, and 
will more likely be 0-2-0 and 0-1-0 respectively. 

It would, therefore, be quite as economical to put in the larger 
cylinder with the smaller yard lay-out and work the plant to its full 
capacity for half the time and then shut down. This method fully pro¬ 
vides for expansion since it is much easier and more economical to enlarge 
the yard only, rather than to enlarge the yard and put in a second 
cylinder. 

The same remarks apply, largely, to the installation of a cylinder to 
deal with 600,000 B. G. sleepers annually, with a yard lay-out to deal 
with 100,000 B. G. sleepers, but it is hardly conceivable that an area which 
is optimistically estimated to turn out 100,000 sleepers will eventually 
produce 600,000 or that the need for them will arise. Indian forests 
can seldom, unfortunately, be worked by intensive methods, and, therefore, 
very large areas have to be worked over to give even modest yields. 

It would, therefore, appear that in general the smaller plants will 
be more useful for Indian conditions than the larger ones, although 
this generalisation would have to be considerably revised where floating 
streams could be made use of for collecting large (juantities of sleepers. 
None of the above estimates include the provision for an adzing and 
boring machine. 
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APPENDIX A. 

Aaalym «f die Graosoto imd ia tib* aqparimMlto. 


Appearance ,— 

Thick and dark brown in colour ; some oryetalB were separating. 


Density at 26® C.1-066 

Moisture.6*2 pereent. 

Tar acids.6*5 per cent, (l^ volume). 

Solubility.Almost compleUly solu¬ 

ble in benzene, insolubles 
amounted to 0*8 per cent. 


FractUmB, 


Up to 190“ 





• 6*69% by weight. 

190“ to 206“ 





. 0*78 

206“ to 226“ 





. 6-41 

226“ to 236“ 





. 6*20 

236“ to 246“ 





. 6*91 

246“ to 266“ 





. 3*90 

266“to 270“ 





. 8-40 

270“ to 290“ 





. 9*36 

290“ to 306“ 





. 8*91 

306“ to 316“ 





. 6*42 

316“ to 340“. 

Residue above 340“ C. (by difference). 



. 14*70 

26*32 
* 100*00 


Fraotione passing between 306® and 340® were sulphonated and 4 per cent, by 
volume of these fractions remained unsulphonated. 
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APPENDIX B. 

Analjnn of th* Murdi oil usad ia di* •sparimmits. 

Appearance .— 

Slightly thick, dark brown oil with a bluish floreBoenoc; quite clear and trans* 
parent. 


Moisture . 

• 

• 

• 

• 

. Practically n»/, about 0*1 
per oeat. 

Solubility . 

• 

• 

• 

• 

. Completely soluble m 
benzene. 

Density 


Fractiova, 

■ 

. 0-880 at 26“ C. 

Up to 170“ 





, 1 *06% by weight. 

170“ to 190“ 





. 0*68 

190“ to 206° 





. 1*26 

205® to 225® 





. 1(>9 

226® to 236® 





. O-.Hfi 

236® to 246® 





. 0-45 

246® to 266® 





. 0-50 

266® to 270® 





. 145 

270® to 290® 





. 3 72 

290® to 306° 





. 407 

306® to 316® 





• 4*24 

316® to 340® 





a 16-73 

65*46 

Hesidue above 340 (by difference) 

• 

• 

’ * J 00*0(t ” 
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AnCMDCK C 

EiplwrticBdf ^ fomrali fima ^MA A* aHnwi4Mr fMft 0 mm 

OMTIVMU 

The curves are based on the formnln 

. P(l+rrr 

in which A—annual economic cost. 

P» amount of initial investment, 
r^the rate of interest expressed deoimally. 
n^average life in yean of the sleeper. 

The annual economic cos is made up of two factors. 

(1) The interest on first cost—Pr. 

(2) The amount that must be set aside annually at compound interest r % to 

Pxr 

provide for renewal at the expiration of the life of the sleeper«» 

Therefore the annual cost A—/= •- + Px tzm 

(l+r) —1 li+r} —1 

No account has been taken of the cost of Spikes, Bearing-plates, Labmir cost or 
scrap value. 

The annual cost of Spikes, Bearing-plates, etc., may be oalculated from the 
same formula if their initial cost and anticipated life are assumed. 

The scrap ralue of the sleepers will probably be too low to be taken into account. 
The cost of laying should be added to the initial cost of the sleeper. 








